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NOTES  ON  THE  CLIMATE  OP  DEATH  VALLEY,  CALIFORNIA. 


I.— PHYSICAL  FBATUEBS  OF  THE  VALLEY. 

The  southwestern  corner  of  the  arid  region  of  the  west  is  occn- 
pied  by  the  Colorado  and  Mohave  deserts,  the  latter  the  northern 
and  more  extensive  of  the  two.  The  northern  margin  of  the  Mohave 
Desert  reaches  out  into  narrow  valleys  lying  between  bold  ridges  of 
mountains  which  run  nearly  north  and  south.  These  valleys  are 
usually  shallow,  but  a  few  are  characterized  by  great  depth.  The 
most  remarkable  of  these  is  Death  Valley,  in  that  its  bottom  is  said 
to  descend  below  sealevel,  while  it  is  about  200  miles  from  the 
coast,  and  between  it  and  the  latter  intervenes  the  lofty  Sierra  Ne- 
vada Mountains.  This  valley  is  said  to  owe  its  name  to  the  melan- 
choly fate  of  a  party  of  immigrants,  who,  about  1850,  perished  from 
thirst  within  its  limits. 

Death  Valley  lies  between  the  brilliantly  colored  Funeral  and  Amar- 
gosa  ranges  of  mountains,  reaching  an  elevation  of  5,000  to  6,000  feet 
on  the  east,  and  the  Panamint  Mountains  on  the  west.  The  latter 
reach  an  elevation  of  8,000  or  9,000  feet,  and  culminate  opposite  the 
middle  of  the  lower  valley  in  Telescope  Peak  said  to  be  10,938  feet 
high.  The  valley  is  an  independent  drainage  basin,  nearly  closed  in 
on  the  south  by  a  rapidly-rising  ridge  about  2,000  feet  high.  The 
southern  part,  into  which  pours  the  catch  of  the  entire  basin  and  that 
of  the  higher  Amargosa  Valley  on  the  east,  is  nearly  level,  and  it  is  to 
this  portion  that  the  name,  Death  Valley,  is  applied.  The  gradually 
rising  northern  or  northwestern  arm  is  50  or  more  miles  in  length. 
It  is  mapped  as  ^'Lost  Valley,"  but  is  usually  known  as  ^^Mesquite 
Valley,"  under  which  name  the  meteorological  observer  refers  to  it  in 
his  notes.  Death  Valley  proper  lies  between  latitudes  35^  40^  and 
36®  35^  north,  and  longitudes  116®  15'  and  117®  5'  west  from  Green- 
wich. It  is  directly  east  of  Tulare  and  Owens  lakes,  about  50  miles 
from  the  latter,  ahd  the  boundary  between  Nevada  and  California 
runs  not  far  east  of  its  eastern  margin.  It  is  about  75  miles  long, 
with  an  axis  running  nearly  north-northwest  and  south-southeast.  The 
width  from  crest  to  crest  is  from  20  to  25  miles,  but  the  bottom  is  only 
12  or  15  miles  wide  at  its  widest  point;  opposite  the  meteorological 
station  it  was  about  6  miles  wide. 

The  first  visit  to  this  valley  by  scientific  observers  seems  to  have 
been  made  in  1861  by  a  party  of  the  California  and  United  States 
Boundary  Commission,  in  charge  of  Dr.  Owen.  In  the  summer  and 
early  autumn  of  1875  one  of  Wheeler's  surveying  parties,  under 
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Lieatenanfc  B.  Blruie,  jr.,  crossed  it  several  times  and  camped  some 
days  within  it.  A  brief  accoant  of  these  visits  is  given  in  Wheeler's 
annnal  report  for  1876,  pages  132  and  133.  Wheeler's  surveys  were 
later  reduced  to  a  series  of  ^^  Atlas  sheets,"  on  number  65^  of  which 
may  be  found  a  map  of  Death  Valley.  A  copy  of  the  eastern  half  of 
this,  enlarged  by  photography  to  a  scale  of  4  miles  to  the  inch,  was 
kindly  furnished  by  Mr.  Henry  Gannett  of  the  Oeological  Survey. 

In  1891  an  exploration  of  the  valley  was  made  under  the  direction 
of  Dr.  G.  Hart  Merriam,  with  the  co-operation  of  the  Geological  Sur- 
vey and  the  Signal  Service,  continued  by  the  Weather  Bureau.  The 
present  paper  is  the  meteorological  contribution  to  the  results  of  this 
exploration. 

A  correct  interpretation  of  the  meteorological  phenomena  requires 
some  knowledge  of  the  physical  features  of  the  valley.  The  following 
notes  on  this  point  have  been  in  part  gleaned  from  Birnie's  and 
Wheeler's  reports  and  Cronise's  "Natural  Wealth  of  California," 
and  in  part  from  manuscript  notes  of  the  meteorological  observers  in 
Death  Valley  and  at  Eeeler.  The  valley  proper  is  probably  the  bed  of  a 
former  lake  of  bitter  water.  Along  the  east  side  runs  a  long,  narrow, 
glistening  whi  te  artery  of  salt,  with  borax  deposits  in  three  or  four  places 
sloping  down  to  it.  The  crust  is  usually  very  thin,  breaking  through 
under  the  feet  of  the  traveler;  but  in  one  place  it  is  strong  enough  to 
hold  up,  without  breaking,  the  roadway  that  crosses  it.  Some  portions 
of  the  valley  bottom  near  a  salt  marsh  at  the  northern  end  are  covered 
with  white,' shifting  sand,  or  an  ash  like  earth  mixed  with  a  tenacious 
clay.  When  wet  it  is  very  soft,  and  can  be  traversed  only  with  great 
difficulty,  and  only  when  dry  is  it  possible  to  cross  with  horses. 

The  Amargosa  Biver,  a  stream  of  great  length  but  very  small  vol- 
ume, comes  into  the  valley  at  the  southern  end.  It  rises  in  Nevada, 
and  passing  through  the  shallow  valley,  to  which  it  gives  its  name, 
just  east  of  the  Funeral  range,  it  flows  around  the  southern  end  of  this 
range.  It  is  about  100  miles  long,  but  is  generally  dry  in  some  parts 
of  its  course,  and  is  nearly  always  dry  where  it  enters  Death  Valley. 

Furnace  Creek  flows  into  Death  Valley  near  the  northeastern  angle 
from  a  cafion  of  the  Funeral  Mountains.  Its  waters  are  derived  from 
numerous  warm  springs  that  rise  on  the  north  side  of  the  cafion,  a  mile 
above  its  month.  The  warmest  of  these  have  a  temperature  of  about 
90°  F.  [Birnie].  The  cafion  is  10  or  15  miles  in  length,  but  the  stream 
is  only  about  2  miles  long,  and  the  water  sinks  before  reaching  the 
bottom  of  the  valley.  The  water  is  the  best  for  drinking  and  domestic 
use,  though  by  no  means  cool.  From  the  north  a  stream  is  said  to 
flow  in  from  IVlesqnite  Valley,  which  gives  a  quantity  of  bitter  water. 

There  are  also. a  few  springs  along  the  west  side  of  the  valley.  In 
wet  seasons  there  must  be  much  drainage  from  the  mountain  slopes 
and  from  the  valley  to  the  north. 

Water  is  probably  often  present  here  on  the  surface  during  some 
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seasons  and  there  is  no  reason  why  a  temporary  lake  may  not  exist  at 
times.  Snch  a  lake  has  been  occasionally  reported,  and  Birnie  fonnd 
fresh  and  clean  layers  of  salt  with  distinct  ripple-marks.  In  dry  sea- 
sons there  is  no  water  on  the  surface,  but  it  can  be  found  almost  any- 
where by  digging  down  a  few  feet.  The  water  appears,  however,  to  be 
always  somewhat  unwholesome  and  it  is  generally  so  bitter  and  saline 
as  to  be  entirely  nndrinkable  by  man  or  beast. 

The  salt  marsh  at  the  bottom  of  the  valley  is  destitute  of  vegetation, 
but  is  bordered  on  the  west  by  numerous  clumps  of  mesquite.  It  is 
encircled  by  a  slope  a  mile  or  two  wide  on  the  east  side  and  6  to  10 
miles  on  the  west  side,  running  up  to  the  mountains,  and  sparsely 
covered  with  several  species  of  desert  shrubs  and  cacti,  interspersed 
with  tufts  of  bunch  grass.  This  slope  is  crossed  by  numerous  gullies, 
generally  dry.  At  the  northern  end  of  the  valley  is  a  salt  marsh  covered 
with  a  tall,  coarse  grass.  The  sand  is  here  bare  and  white,  but  over  it 
are  scattered  a  few  clumps  of  mesquite,  from  around  which  the  wind 
has  carried  the  sand  away  until  they  are  perched  upon  hillocks,  15  or 
20  feet  high  [Birnie]. 

The  animal  forms  noted  by  the  observer,  or  already  recorded,  in 
summer  are  few.  Horned  toads,  lizards,  and  snakes  are  the  most 
conspicuous  forms  of  animal  life,  while  Oronise  mentions  a  small  black 
gnat  which,  swarming  in  myriads  during  the  spring,  greatly  annoys 
the  traveler  by  entering  his  eyes,  ears,  and  nose.  On  September  1 
the  observer  noted  a  large  flock  of  blackbirds  which  made  their  ap- 
pearance near  Furnace  Greek. 

The  valley  has  been  often  visited  by  prospectors  who  have  made  pro- 
longed stays  there  fn  search  of  its  reputed  mineral  wealth.  One  man 
is  reported  to  have  kept  cattle  on  the  mountain  side  for  a  year  or  more. 
About  a  mile  northwest  of  the  mouth  of  Furnace  Greek,  on  the  east 
side  of  the  valley,  is  what  the  Pacific  Goast  Borax  Gompany,  owners 
of  the  property,  call  ^^Oreenland  Ranch."  About  30  acres  are  fenced 
in  and  water  is  brought  from  Furnace  Greek  for  irrigation  and  stored 
in  two  small  reservoirs.  The  plot  is  very  productive,  yielding  six  or' 
seven  crops  of  alfalfa  per  year.  A  few  cotton  woods  and  fig  trees  are 
grown  by  aid  of  constant  irrigation.  The  fruit  of  the  fig  tree  matures 
early,  and,  though  small,  is  of  good  quality. 

The  feature  of  greatest  interest  about  Death  Yalley  is  its  reputation 
for  extending  below  sea-level.  The  observations  on  which  this  conclu- 
sion is  based  seem  to  be  all  barometric,  and  have  apparently  never  been 
published.  Lieutenant  Birnie  says  (Report,  1876,  p.  132)  that  his  first 
station  in  the  valley  was  a  few  feet  below  sea-level.  This  was  at  Ben- 
netts Wells  on  the  west  side.  He  afterwards  found  that  there  was  a 
considerable  space  in  the  bottom  of  the  valley  which  was  about  100 
feet  below  sea-level.  In  Lieutenant  Marshall's  report  on  the  ^'  Results 
in  Barometric  Hypsometry"  (Wheeler's  Qeo.  Surveys,  Vol.  II,  p.  568) 
are  given  six  stations  in  Death  Yalley  with  altitudes  of — 69.2^.-|-57.1, 
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-|-7.3,  —45.3,  —62.4,  —110.0,  and  —63.9  feet,  where  the  negative  sign  in- 
dicates below ,  and  the  posi  ti ve  above ,  sea-level .  These  stations  are  not 
described  in  the  text,  bat  are  given  on  the  map  sheet  65^.  Williamson, 
in  his  book  <<  On  the  Use  of  the  Barometer  in  Surveys  and  Beconnois- 
sances,"  says  (page  XXY)  that  Death  Valley  is  ^^  estimated  from  re- 
liable barometric  observations  to  be  175  feet  below  the  level  of  the  sea." 
The  exploration  of  1891  included  work  by  a  topographer,  and  his  re- 
sults will  undoubtedly  give  greater  consistency  and  exactness  to  ques- 
tions of  the  elevation  or  depression  of  the  valley.  In  the  meantime  it 
'should  be  noted  that  barometric  observations  are  an  unsatisfactory 
expedient  for  determining  elevations  under  the  most  favorable  circum- 
stances. In  this  case  they  are  rendered  still  more  unsatisfactory  by 
peculiarities  of  pressure,  which  will  appear  later  in  this  paper,  due  to 
the  physical  peculiarities  of  the  valley. 

II.— THE  STATION  AND  INSTRUMENTS. 

The  meteorological  station  was  established  on  April  30, 1891,  and 
the  observations  continued  without  a  break  until  the  end  of  the  next 
September,  a  period  of  five  months  during  the  hottest  part  of  the 
year.  The  station  was  in  a  building  at  the  borax  works  known  as 
<^  Coleman,"  owned  by  the  Pacific  Ooast  Borax  Company,  on  the  east 
side  of  and  near  the  northern  end  of  Death  Valley  proper;  it  was 
situated  at  the  foot  of  the  Funeral  Mountains,  about  two  miles  north- 
west of  the  mouth  of  Furnace  Creek,  in  approximate  latitude  36^  28^ 
north,  longitude  116^  51^  west  from  Greenwich.  The  correction  for 
75th  meridian  time  is  2h.  47m.  The  soil  at  the  station  was  a  white, 
shifting  sand,  destitute  of  vegetation  except  for  an  occasional  mes- 
quite  bush.  The  observer  in  charge  was  Mr.  John  H.  Glery,  who  de- 
serves great  credit  for  the  success  with  which  he  carried  on  the  obser- 
vations under  the  most  trying  circumstances.  Mr.  B.  H.  Williams 
was  the  assistant,  but  he  succumbed  to  the  heat  soon  after  his  arrival 
and  had  to  return  to  Keeler  for  treatment. 

The  account  of  the  instruments  which  follows  is  due  to  Professor  C. 
F.  Marvin,  in  charge  of  the  instrument  room.  Weather  Bureau. 

The  instruments  furnished  to  the  station  were,  in  most  respects,  the 
typical  and  standard  instruments  supplied  to  the  regular  second  order 
stations  of  the  Bureau,  with  the  addition  of  a  barograph  and  thermo- 
graph. 

Owing  to  the  difficulties  of  transportation  to  the  station,  special 
arrangements  were  made  in  several  particulars  to  render  the  equip- 
ment as  portable  as  possible,  but  at  the  same  time  providing  every- 
thing necessary  to  a  fully  equipped  station. 

The  following  table  gives  the  complete  list  of  instruments  and  their 
elevation,  so  far  as  known : 
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Instrufnents  at  Furnace  Creek  {DecUh  VaUey),  Calif omia. 


InBtrament. 


ADemosraph,  U.  8.  Weather  Bareaa  patte 
RoDinaon  anemometer 


Anemometer  register 

Barograph 

Barometer,  mercurial .... 


Barometer,  aneroid  ( used  in  monthly  comparative 
readings  only ). 

CompaHS 

Rain  gauge,  standard,  8-inch  collector 

Shelter,  standard  pattern 


Maker. 


J,  P.  Fries 


HahlftGo 

Richard  Bros... 
U.  J.  Green 


P.  H.  B.  Naadet. 


Thermograph . . . 
Thermometer- 


Mercurial  (dry  bulb) 

Mercurial  (wet  bulb)  ....... 

Maxi  mum 

Maximum  ( extra,  not  used ) 

Minimum,  alcohol I . . .  .do 

Minimum,  alcohol  ( extra,  not  used) .do 

Whirling  psychrometer— 


Richard  Bros... 


H.  J.  Green... 

...do 

...do V. 

...do 


No. 


680 


xiz 
6661 

349 
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Small  siae. 


Special. 


Wind  rane,  special  fsee  text) 


Wet  bulb  thermometer  No.  2734 
Dry  bulb  thermometer  No.  2758 
Wet  bulb  thermometer  No.  3427 
Drv  bulb  thermometer  No.  3430 


Schneider  Bros. 
Schneider  Bros. 


1344 

8981 

34361 

2701 
2762 
2197 

2545 

47 
37 


EloTation. 


2  feet  7  inches  above 
apex  of  roof;  22.6 
feet  aboTe  ground. 


2  feet  6  inches  above 
door  sill. 


% 


feet  above  ground, 
loor  5  feet  above 
ground. 


{5  feet   xo  inches 
above  ground. 
6  feet  above  ground. 

6  feet  above  ground. 


Fig.  1  shows  the  general  arrangement  of  the  instruments  in  and 
about  the  ofQce,  as  given  by  report  of  the  observer. 


Plan  <fBc^, 


s  iy/ic0     -        J* 

C .  £ay*fwt«i0^.         \ 


S 
^H 


Fig.  1. 


A  brief  discussion  of  further  details  respecting  the  instruments, 
their  errors,  etc.,  is  given  as  follows: 


ANEMOaBAPH. 


The  anemograph  is  more  properly  discussed  in  its  separate  parts, 
namely,  the  anemometer  and  the  anemometer  register. 

AiMmomeler. — ^The  anemometer  used  in  measurement  of  wind  move- 
ments was  of  the  Bobinson  type  and  regular  Weather  Bureau  pattern. 
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Tbe  constraction  of  these  instruments  is  carried  to  a  very  high  degree 
of  mechanical  perfection  under  the  rigid  scrutiny  of  the  Bureau  ^  and 
the  observations  made  at  Furnace  Greek  are  considered  most  satis- 
factory. The  dimensions  and  important  characteristics  of  the  ane- 
mometer are  repeated  here  for  the  convenience  of  those  who  may  wish 
to  know  them. 

The  four  hemispherical  cups  are  each  4  inches  in  diameter,  and  are 
attached  to  slender,  square,  steel  arms  in  such  a  way  that  the  cup 
centers  are  each  6.72  inches  from  the  axis  of  revolution.  In  accord- 
ance with  Bobinson's  original  assumption  that  the  travel  of  the  centers 
of  the  cups  is  one-third  the  wind  movement,  the  above  anemometer 
cups  will  revolve  500  times  per  mile  of  wind,  and  the  ingenious  and 
relatively  almost  frictionless  dial  mechanisms  are  constructed  and 
graduated  upon  this  basis  of  500  revolutions  to  the  mile  of  wind 
movement. 

Provision  is  made  by  which  the  anemometer  closes  an  electric  cir- 
cuit  once  for  each  500  revolutions  of  the  cups;  that  is,  nominally,  for 
each  mile  of  wind  movement.  This  closure  of  the  electric  circuit  is 
the  means  employed  to  secure  the  continuous  record  of  the  wind  move- 
ment by  means  of  the  anemometer  register. 

Oibhon^s  register. — This  apparatus  consists  of  a  chronograph  cylinder 
whose  circumference  is  just  12  inches  and  revolved  by  clock  work  at 
the  rate  of  4  revolutions  in  24  hours;  that  is,  2  inches  per  hour.  In 
addition  to  this  movement  of  rotation  the  cylinder  is  also  made  to 
move  endwise  about  ^  inch  for  each  revolution.  An  electro-magnet, 
the  armature  of  which  carries  a. pencil,  is  so  arranged  that  the  latter 
may  be  made  to  trace  a  continuous  spiral  line  upon  the  sheet  of  paper 
wound  upon  the  cylinder.  When  the  register  is  placed  in  electrical 
communication  with  the  anemometer,  the  closure  of  the  circuit  in  the 
latter  causes  the  pencil  to  trace  a  short  mark  across  the  spiral  line 
above  described.  These  cross  marks  are  made  for  each  500  revolutions 
of  the  anemometer  cups;  that  is,  nominally,  for  each  mile  of  wind. 

By  an  ingenious  construction  of  the  contact  mechanisms  in  the  ane- 
mometer one  contact  in  every  ten  is  prolonged  during  an  entire  mile 
of  wind  movement,  making  it  conspicuous  on  the  record,  thereby 
facilitating  the  counting  of  the  record  and  at  the  same  time  affording 
an  excellent  check  against  any  loss  of  record  from  weak  batteries  and 
similar  contingencies. 

From  the  diagram  above  it  is  seen  the  anemometer  was  exposed 
nearly  3  feet  above  the  apex  of  the  roof  of  the  building,  at  a  height  of 
22.6  feet  above  the  ground. 

BABOGBAPH. 

The  aneroid  barograph  was  of  the  usual  type  constructed  by  the 
Richard  Bros.,  of  Paris.  In  this  instrument  eight  of  the  corrugated 
metallic  cells  so  commonly  used  in  aneroids  are  joined  together  so  that 
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their  united  movement  with  change  of  pressure  acting  through  properly 
arranged  levers  imparts  a  greatly  magnified  movement  to  a  delicate 
recording  pen  tracing  its  movement  upon  the  revolving  sheet  of  paper. 
A  pen  movement  of  one  inch  is  thus  made  to  represent  a  change  of  one 
inch  in  barometric  pressure,  and  the  sheet  is  ruled  to  spaces  of  ^  inch ; 
that  is,  .05  inch  of  barometric  pressure.  Owing  to  the  thickness  of 
lines,  etc.,  the  error  of  a  pressure  reading  from  the  record  sheet  is, 
however,  probably  greater  than  =h*01  inch.  The  time  movement  of  the 
sheet  of  paper  is  comparatively  slow,  being  only  about  1.6  inches  in  24 
hours,  or  about  ^  inch  per  hour.  Less  than  a  half  hour  is,  therefore, 
scarcely  discemable,  and  as  the  sheet  is  ruled  with  lines  only  for  every 
two  hours  and  as  further  uncertainty  arises  from  the  fact  that  the  clock 
movements  used  by  Richard  Bros,  rarely  keep  very  good  time,  it  is 
impossible  to  secure  very  great  accuracy  from  this  instrument,  even 
supposing  the  aneroid  mechanisms  to  be  perfectly  reliable.  As  is  well 
known,  however,  these  are  never  found  to  keep  in  close  accord  with 
the  standard  pressure  instrnments,  so  that,  at  best,  the  barograph  is 
but  a  differential  instrument,  whose  ever  changing  corrections  for  in- 
stnimentai  error  must  be  determined  by  frequent  comparisons  with 
standards.  Very  similar  difBculties  arise  in  the  case  of  the  thermo- 
graph, and  the  expedients  resorted  to  in  the  practice  of  this  Bureau  for 
eliminating  errors  from  these  canses  will  be  described  further  under 
the  thermograph. 

It  is  frequently  found  that  the  barographs  are  but  indifferently  com- 
pensated for  temperature,  thus  giving  rise  to  additional  errors.  The 
particular  instrument  used  at  Fnrnace  Greek  has,  however,  been  care- 
folly  tested  in  this  respect  and  is  found  to  be  almost  insensible  to  con- 
siderable temperature  changes. 

BABOMETERS. 

Aneroid  barometer  No,  13. — ^This  instrument  was  one  of  the  best  of 
its  kind,  but  was  furnished  only  as  a  last  resort  in  case  of  failure  of  the 
mercurial  barometer.  Comparative  readings  were  taken  between  this 
and  the  mercurial  barometer  at  the  end  of  each  month  while  the  station 
was  in  operation. 

Mercurial  barometer  No.  349. — Each  regular  station  is  kept  supplied 
always  with  two  good  mercurial  barometers,  but  in  the  present  instance 
only  one  was  furnished,  not  only  because  of  the  temporary  character  of 
the  station,  but  as  well  from  the  difficulty  of  safely  transporting  the 
instruments  from  Keeler,  Gal.,  the  nearest  point  of  supply..  A  newly 
filled  and  adjusted  barometer  was  sent  out  from  this  office  for  the  sta- 
tion at  Furnace  Greek,  but  it  did  not  survive  the  long  journey  across 
the  continent,  and  when  examined  at  Keeler  and  compared  with  the 
station  instruments  was  found  to  be  unserviceable.  Instructions  pro- 
viding for  such  a  contingency  directed  the  observer  to  take  the  ^^  extra  " 
barometer  from  Keeler.    This  barometer  was  No.  349,  a  comparatively 
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old  instrament,  having  been  in  service  at  Keeler  since  January,  1885, 
bat  in  every  respect  reliable.  The  scale  of  this  barometer  was  subdi- 
vided to  tenths  of  inches  and  provided  with  a  veruier  reading  to  .01 
inch ;  estimations  to  less  than  .005  being  easily  made.  The  barometer 
tube  was  approximately  \  inch  in  diameter  inside,  and  the  construction 
of  the  cistern  of  the  regular  weU-known  Fortin  type,  the  mercury  in  the 
cistern  being  adjusted  by  screw  motion  to  the  level  of  a  fixed  ivory 
point. 

The  correction  for  instrumental  error,  including  capillary  action, 
was  determined  by  comparison  with  standards  at  this  ofQce  in  Janu- 
ary, 1885;  this  correction  was  -f-006  inch. 

The  temperature  of  the  mercury  and  scale  was  taken  from  the  read- 
ings of  an  attached  thermometer  secured  at  about  the  middle  point  of 
the  tube.  This  thermometer  was  not  stem-graduated,  and  the  read- 
ings could  not  readily  be  made  to  less  than  whole  degrees.  When  the 
barometer  was  returned  to  this  office  after  the  station  was  closed,  a 
comparison  of  the  attached  thermometer  with  standards  showed  its 
corrections  to  be  less  than  one-half  degree,  so  that  possible  errors  from 
this  source  are  entirely  insignificant. 

By  a  peculiar  circumstance  of  seeming  inattention  a  considerable 
length  of  detached  thread  of  mercury  remained  unnoticed  in  the  top 
of  the  attached  thermometer,  the  temperature  readings  being  thereby 
highly  erroneous.  This  state  of  affairs  was  not  discovered  until  the 
evening  of  Jane  15, 1891.  During  the  following  day  the  observer  took 
twenty-five  comparative  readings,  at  intervals  of  one-half  hour,  with 
another  thermometer  suspended  near  the  barometer.  The  detached 
column  was  then  united  and  the  next  day  similar  readings  were  taken, 
in  which  the  two  thermometers  gave  practically  the  same  temperature. 
From  these  comparisons  the  error  of  the  attached  thermometer  was 
fonnd  to  be  a  fraction  over  26^. 

The  corresponding  error  in  the  barometric  pressure  was  very  nearly 
•07  inch,  and  instructions  were  given  to  correct  the  back  records 
accordingly,  including  all  records  made  up  from  the  barograph.  The 
barometer,  after  over  two  and  one-half  years'  service  at  Eeeler,  was 
compared  in  August,  1887,  with  an  inspector's  barometer  by  Lieu- 
tenant Maxfield,  and  found  to  be  in  excellent  condition,  differing  by 
only  .002  inch  from  the  readings  of  his  instrument. 

Regular  monthly  comparisons  between  the  two  barometers  at  Eeeler 
showed  no  deterioration  in  this  instrument.  The  final  series  of  com- 
parative readings  made  between  the  two  barometers  upon  the  return 
of  No.  349  to  Eeeler,  after  the  station  at  Furnace  Greek  had  been 
closed,  still  show  No.  349  to  have  undergone  no  sensible  change  in  its 
instrnmental  error.  The  comparative  readings  made  during  1891  be- 
tween barometers  No.  349  and  No.  509,  the  station  instrument  at  Eeeler, 
are  given  in  the  following  table : 
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Summary  of  comparison  of  barometers  Nbs.  849  and  609,  cU  Keder,  Cal, 


Corrected 

• 

Date. 

means.* 

189Z. 



No.  509. 

No.  349. 

iMhea* 

/neAM. 

Inch. 

January  31  .. 

26.302 

26.203 

.001 

Febroary  28 . 

26.244 

26.244 

.000 

March  31  .... 

36.355 

26.356 

.001 

Aprils 

26-409 

26.411 

.002 

April  10 

26.354 

26.357 

•  003 

October  35. . . 

36.512 

36-5x3 

.001 

Remarks. 


•  Made  at  Keeler  before  opening  station  at  Farnace  Greek. 


After  return  of  instrument  from  service  at  Farnace  Greek. 


•£ach  of  these  "Corrected  means  "  is  the  mean  of  five  readings  at  intervals  of  one  hoar  corrected 
for  temperatare  and  instrohiental  error. 

Pecaliarly  enough,  however,  this  barometer  (No.  349)  was  reported 
by  the  observer  to  be  in  bad  condition  and  was  returned  to  this  office 
wholly  unserviceable;  a  condition  of  affairs  that  seems  scarcely  possi- 
ble, except  to  have  been  induced  by  ill  treatment  after  the  term  of 
service  of  the  instrument  had  expired. 

In  view  of  these  circumstances,  therefore,  the  pressure  observations 
at  Furnace  Greek  can  be  relied  upon  as  of  as  great  accuracy  as  any  that 
toe  can  hope  to  attain  with  any  single  instrument  of  this  type, 

BAIN  GAUGE. 

The  Weather  Bureau  standard  rain  gauge  is  constructed  of  drawn 
brass  tubing  and  galvanized  iron.  The  receiving  rim,  or  collector, 
of  the  rain  gauge  is  8  inches  in  diameter  and  formed  of  heavy  drawn 
brass  tubing,  v^ry  accurately  sized,  and  turned  to  a  knife  edge  around 
the  top  edge.  The  funnel-formed  bottom  has  a  slope  of  45^,  with  a 
hole  at  the  center  about  ^  inch  in  diameter.  The  measuring  tube  is 
also  drawn  brass  tubing,  very  accurately  sized  to  have  ^  the  area  of 
the  8-inch  collector.  An  outer  cylinder  of  galvanized  iron,  8  inches  in 
diameter,  surrounds  and  shelters  the  measuring  tube  and  supports  the 
funnel-shaped  receiver,  serving,  also,  as  overflow  in  case  of  heavy 
rainfall.  The  measuring  tube  is  20  inches  high  and,  consequently, 
will  contain  2  inches  of  rainfall.  The  depth  of  the  water  in  the 
measuring  tube  is  determined  by  the  insertion  of  a  carefully  gradu- 
ated cedar  stick,  divided  to  inches  and  tenths.  The  sectional  area  of 
the  stick  is  less  than  y^  of  that  of  the  tube. 

SHELTER. 

For  the  exposure  of  the  thermometers,  hygrometer,  and  thermograph, 
a  standard  size  instrument  shelter  was  furnished,  but  of  special  con- 
struction to  secure  lightness  and  facility  in  transportation,  as  well  as 
in  the  setting  up  of  the  shelter  at  its  destination.  The  interior  free 
space  was  approximately  cubical,  nearly  3  feet  on  a  side.  The  roof 
was  double,  with  an  air  space  from  6  to  8  inches  high,  open  at  the 
north  and  south  fronts  of  the  shelter. 
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The  louver  sides  of  the  shelter  were  composed  of  slats  nearly  i^ 
inches  from  center  to  center  and  about  4  inches  wide,  inclined  at  an 
angle  of  45^.  The  floor  consists  of  strips  lying  close  together,  and  is, 
therefore,  practically  continuous,  permitting  but  little  or  no  vertical 
circulation  of  air.  This  shelter  was  mounted  upon  wooden  posts  so 
that  its  floor  was  5  feet  above  the  ground,  and  with  the  sides  respec- 
tively north  and  south  and  east  and  west.  The  office  building  was 
at  a  distance  of  about  105  feet. 

THEBHOGBAPH. 

This  recording  instrument  was  also  of  the  Richard  Bros,  construc- 
tion, but  of  somewhat  special  type  in  order  to  more  nearly  satisfy  the 
requirements  of  this  Bureau  than  the  instruments  generally  sup- 
plied. The  temperature  scale  of  this  instrument  extends  from  — 20^ 
to  -|-110^  F.,  and  the  cylinder  makes  two  revolutions  per  week,  in- 
stead of  one  as  is  the  general  case,  thus  rendering  smaller  periods  of 
time  perceptible.  The  clock  movement,  itself,  was  also  of  a  superior 
quality  to  give  better  results. 

We  regret  to  add  that  after  extended  experience  with  these  French 
instruments  and  particular  efforts  at  improvement  in  the  clock  move- 
ments, we  find  there  is  still  much  to  be  desired,  and  that  serious  errors 
arise  from  imperfect  clock  performance,  not  to  mention  the  thermo- 
metric  action  itself. 

The  thermometer  part  of  the  instrument,  as  is  perhaps  quite  gener- 
ally known,  consists  of  a  short  curved  piece  of  flat  metal  tubing, 
having  a  section  shaped  much  like  a  very  flat  O*  ^^^^^  tubes 
have  the  peculiar  property  of  tending  to  straighten  out  when  sub- 
jected to  internal  pressure,  and  this  is  utilized  in  the  present  instance 
to  measure  temperature  by  filling  the  tube  with  alcohol  or  similar 
liquid,  the  expansion  of  which  with  temperature  changes  gives  slight 
motion  to  the  curved  tube,  one  end  of  which  is  fixed  while  the  other, 
through  a  system  of  magnifying  levers,  communicates  motion  to  a 
delicate  pen  tracing  its  varying  positions  upon  the  usual  drum  of 
paper.  An  adjusting  sci*ew  connected  with  the  fixed  end  of  the  ther- 
mometer's bulb  enables  the  pen  to  be  set  to  any  particular  line  on  the 
sheet.  By  this  means  the  pen  could  be  set  low  enough  on  the  sheet 
to  take  in  the  very  high  temperatures  at  Furnace  Greek  station.  The 
space  on  the  record  sheet  corresponding  to  1°  F.  is  about  .03  of  an 
inch  only,  and  for  reasons  similar  to  those  given  in  discussing  the 
barograph,  the  thermograph  also  is  only  a  differential  instrument  and 
its  readings  must  be  constantly  corrected  for  varying  instrumental 
errors. 

In  transcribing  from  the  record  sheets  of  both  thermograph  and 
barograph,  observers  are  directed  to  apply  corrections  to  the  hourly 
readings  of  the  instruments  so  as  to  make  the  readings  at  the  hours 
of  regular  observations  agree  with  the  eye  readings  of  the  standard 
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iDStraments.   For  intermediate  hoars  interpolated  corrections  are  ased, 

which  latter  are  very  conve- 
niently determined  by  aid  of  a 
graphical  "  Correction  card,"  de- 
vised at  this  office  some  years 
since,  but  not  heretofore  de- 
scribed. A  stiff  piece  of  card 
is  ruled  and  figured  as  shown  in 
Fig.  2,  and  small  notches  cut  in 
two  opposite  edges  at  the  ex- 
tremities of  one  set  of  lines. 
A  rubber  band  is  stretched 
across  the  card  and  set  in 
notches  corresponding  to  the  ob- 
served corrections  that  must  be 
applied  to  the  readings  at  the  8 
o'clock  observations.  Obviously, 
the  corrections  at  intermediate 
hours  will  be  given  by  the  inter- 
section of  the  rubber  band  with 
the  particular  hour  line  in  ques- 
tion. Moreover,  if  a  real  correc- 
tion is  found  by  observation  at 
any  intermediate  hour,  a  pin 
Fig.  2.  may  be  stuck  through  the  card 

at  the  proper  point,  or  points,  and  the  band  deflected  to  correspond,  as 
shown  in  the  figure.  All  the  hourly  readings  taken  from  the  baro- 
graph and  thermograph  traces  have  been  corrected  in  accordance  with 
these  principles. 

THEBMOMETERS. 

Owing  to  the  extremely  high  temperatures  reported  to  prevail  within 
the  Death  Valley  region,  it  was  necessary  to  provide  thermometers  for 
higher  temperatures  than  those  at  regular  stations.  These  were  made 
by  H.  J.  Qreen,  Brooklyn,  N.  Y.,  and  were  unusually  nice  and  all  stem, 
graduated  to  degrees  Fahrenheit.  The  bulbs  of  the  maximum  and 
minimum  thermometers  were  spherical,  about  |  inch  in  diameter.  The 
remaining  thermometers  had  cylindrical  bulbs  of  between  i  and  -^  inch 
diameter,  and  from  ^  to  f  inch  long.  With  the  exception  of  the  < 'small '' 
psychrometer  No.  37  the  graduations  ranged  from  16^  to  18^  to  the 
inch,  rendering  tenths  of  degrees  readily  perceptible.  The  corrections 
to  reduce  to  the  standard  air  thermometer  were  carefully  determined 
before  the  instiuments  were  sent  out.  These  corrections,  for  all  the 
thermometers,  are  given  in  the  table  below. 

The  exposure  of  the  thermometers  within  the  shelter  is  described  as 
follows: 
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Passing  easfc  and  west  across  the  middle  of  the  shelter  inside  is 
fixed  a  wooden  strip  about  3  inches  wide,  to  which  is  secured  the  maxi- 
mum and  minimum  thermometers  with  their  bulbs  to  the  eastern  side 
of  the  shelter.  The  wet  and  dry  bulb  thermometers,  for  obtaining  air 
temperature  and  humidity,  are  placed  to  the  right  of  these  and  toward 
the  western  end  of  the  strip. 

Corrections  to  thermometera  at  Furnace  Oreekt  CaLf  September'  80,  1891. 


u 
o 


32 
42 

72 
83 

92 

I02 
113 
133 

132 
143 

152 


Exposed. 


No.  3436. 


0.0 

-fo.  X 

0.0 

0.0 

o>o 

—0.1 

—0.1 

—0.1 

CO 

+0.3 

-H)'2 

—0.1 
—0.1 


No.  3431. 


0.0 
0.0 
o>o 
o«o 

0.0 


+0. 


Paychromeiers. 


No.  37. 


Dry. 

No.  3758. 


o 

0.0 

0.0 

-1-0.1 

-fO'I 

0.0 
0.0 

0.0 

-fo.x 


Wet. 
No.  2734. 


No.  47. 


Maximam. 


Dry. 


Wet. 


0.0 
0.0 
0.0 
-fo.  I 
0.0 
0.0 
0.0 

-fO'J 


No.  3430.  No.  3437. 


0.0 

0.0 

—0.1 

—0.1 

0.0 

0.0 

0.0 

—0.2 

-fo.  I 

—0.3 

I 


0.0 

4-0.1 

0.0 

0.0 

0.0 

—0.1 

—0.1 

—0.1 

0.0 

-1-0.3 

+0-3 
0.0 
0.0 


No.  3761. 


I 
I 
I 
z 

—0.3 
— 0.1 
— 0.1 
—0.2 
—0.3 
—0.3 
—0.1 
0.0 
—0.1 


No.  3763. 


Minimum. 


No.  3197.  No.  3545' 


I 

o.  I 
0.0 
o.  I 

0.3 

0.1 
0.1 
0.1 
0.1 
0.3 
0.1 
0.0 
0.1 


-1-0.3 

-fO'3 
0.0 

-fO'I 


0.0 
0.0 


•4 
.6 

.3 

•3 
•3 
3 
.3 

.1 

.1 

.1 

0.4 

■0.6 

■z.o 


The  thermograph  was  placed  upon  the  floor  of  the  shelter. 

The  maximum  and  minimum  thermometers  were  mounted  as  shown 
in  the  accompanying  cut.  The  wet  and  dry  bulb  thermometers,  form- 
ing the  hygrometer,  appeared  as  shown  in  Fig.  3.  In  view  of  the 
greater  accuracy  to  be  secured  by  the  use  of  the  whirled  psychrometer, 
two  of  these  instruments  were  furnished  the  observer,  and  readings 
were  made  at  each  observation. 


I         1 

I                    I  I 

1^ — ^'--^^ //- ^ 

2'ZO''  ^ 1\ 

Fig.  8. 

A  matter  of  the  greatest  importance  in  the  construction  of  the  sling 
psychrometers  is  that  they  be  exceedingly  light,  otherwise  the  arm  of 
the  observer  becomes  very  quickly  fatigued  by  a  very  few  observations 
and  the  instrument  proves  a  great  annoyance.    It  is  frequently  written 
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that  a  sling  psychrometer  may  be  easily  made  by  tying  the  ther- 
mometers back  to  back,  or  otherwise,  and  attaching  a 
foot  or  so  of  stout  cord  to  a  ring  or  eye  at  the  top  of 
the  metal  back.  Anyone  using  such  a  device  quickly 
finds  his  forefinger  seriously  rubbed  and  made  sore  by 
the  abrasion  of  the  cord.  The  type  of  instrument  used 
at  Furnace  Greek  consisted  of  two  thermometers  at- 
tached side  by  side  to  a  light  strip  of  aluminium,  the 
wet  bulb  being  considerably  below  the  dry.  About  6 
inches  of  light  chain  of  very  strong  construction  is  at- 
tached to  the  eye  at  the  top  and  fitted  with  a  small 
wooden  handle  so  arranged  as  to  permit  of  the  free 
movement  of  the  chain  in  the  whirling  of  the  thermom- 
eters. A  substitute  for  the  chain  is  often  used,  consist- 
ing of  a  special  swivel  and  link  arrangement  that  is 
rather  stronger  and  safer  than  the  chain.  This  consti- 
tutes the  standard  pattern  of  whirled  psychrometer  used 
by  the  Weather  Bureau,  and  is  shown  in  Fig.  4.  Either 
form  is  very  light  and  convenient,  and  constitutes  prob- 
ably the  best  simple  instrument  available  for  easily 
securing  accurate  air  temperatures  and  humidities. 

On  June  5  one  of  thepsychrometers  at  Furnace  Greek 
was  broken  because  of  a  defective  link  in  the  chain,  and 
still  later  the  wet  bulb  thermometer  of  the  extra  in- 
strument was  broken  by  a  falling  book  while  in  the 
office.  From  this  date  until  the  station  was  closed  read- 
ings from  the  stationary  psychrometer  only  were  taken. 

WIND  VANE. 

Inasmuch  as  the  direction  of  the  wind  is  so  easily 
ascertained  without  the  aid  of  a  special  instrument  none 
was  sent  with  the  equipment  for  this  station,  the  obser- 
ver being  instructed  to  display  a  small  streamer  or  string 
from  some  convenient  object  in  a  proper  locality,  and 
take  wind  directions  accordingly.  The  point  selected 
by  the  observer  was  from  a  staff  attached  to  the  comer 
of  the  instrument  shelter  and  at  a  height  of  10  feet 
above  the  ground.  The  north  point  was  located  by  aid 
of  a  small  prismatic  compass ;  an  allowance  of  15°  east 
being  made  for  magnetic  variation. 

m.— DISCUSSION  OF  OBSERVATIONS. 

The  air-pressures  obtained  by  the  observations  in 
Death  Valley  (see  Table  I  at  the  end)  afford  several 
features  of  interest.     The  mean  pressure  for  the  five 
Fir.  4.         months,  obtained  from  the  hourly  readings,  is  29.96 
(760.98""-),  and  this  is  not  reduced  for  elevation.    The  average  pres- 
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Bare  for  July  is  29.92  inches,  or  almost  exactly  760"'"'.  The  Joly  pres- 
sures observed  in  this  region,  as  plotted  in  Hann's  ^^  Atlas  der  Kli- 
matologie,''  is  760"""*,  so  that  this  station  is  apparently  near  the  level 
of  the  sea.  The  use  of  the  mean  monthly  pressures  compared  with 
simultaneous  observations  at  Yuma,  San  Diego,  Los  Angeles,  and 
Keeler,  the  nearest  stations,  when  used  to  obtain  the  elevation  of  this 
station,  gave  very  discordant  results,  varying  nearly  300  feet. 

The  maximum  pressure  observed  was  30.30  on  May  22,  the  minimum 
29.41  on  September  30.  The  absolute  range  for  the  five  months  was, 
therefore,  0.89  inch,  a  quantity  not  generally  surpassed  by  other 
stations  in  the  summer  season.  The  monthly  ranges  as  compared 
with  those  of  other  stations  are  large,  as  shown  in  the  accompanying 
table.  They  are  decidedly  larger  than  those  for  any  station  around 
Death  Valley.  In  general,  these  ranges  are  largest  in  the  north- 
eastern part  of  the  United  States  and  decrease  as  we  pass  south  or 
west.  The  ranges  in  Death  Valley  approximate  those  found  at  East- 
port,  as  shown  in  the  table.  The  Death  Valley  monthly  ranges  are 
greater  than  in  the  greatest  part  of  the  United  States. 

Monthly  ranges  of  barometer,  189L 


station. 


Death  Valley.  Gal..., 

Santa  F6,  N.  Mex 

El  Paso,  Tex 

Fort  Grant,  Aria 

Ynma.  Ariz 

San  Diego,  Cal 

Los  Angeles,  Gal 

Keeler,  Gal 

Fresno,  Gal 

Sacramento,  Gal 

Salt  Lake  City,  Utah. 
Eastport,  Me 


May. 

June. 
inch. 

Jaly. 

Aug. 

Iheh, 

Inch, 

Inch. 

0.71 

0.64 

0.51 

0.49 

0.53 

0.37 

0.33 

0.30 

0.46 

0-34 

0.36 

0.33 

0.38 

o-M 

0.38 

0.37 

0.31 

0.31 

0.36 

0.40 

O.Zq 

0.3I 

0.36 

0.36 

0.35 

0.31 

0.36 

0.39 

0.53 

0-34 
0.36 

0.36 

0'37 

0.49 

0.45 

0.38 

0.56 

0.34 

0.45 

0.38 

0.73 
0.B9 

0.46 

0.48 

0.47 

0.93 

0.73 

0.61 

Sept. 


Ineh, 

0.88 
0.48 
0.55 

33 
54 
39 
40 

S3 
0.44 

0.45 

0.55 
1.05 


Aver- 
age. 


Inch, 
0.65 
0.40 
0.41 
0.30 
0.38 
0.36 
0.38 

0.43 
0.43 
0.44 

0.54 
0.84 


This  peculiarity  is  to  be  attributed,  in  part,  at  least,  to  the  enor- 
mous daily  range  of  pressure  in  Death  Valley.  The  evening  pres- 
sures are  almost  invariably  lower  than  the  morning  ones.  The  mean 
difference  for  May  was  0.19  inch,  and  for  the  other  months  in  succes- 
sion 0.22,  0.22,  0.21,  and  0.22.  This  gives  an  average  of  0.212  inch. 
Mr.  E.  G.  Johnson,  who  has  assisted  me  much  in  getting  together  the 
necessary  data,  compiled  the  following  list  to  show  how  this  compares 
with  other  stations.  The  data  are  for  1891,  except  those  for  Vienna, 
which  are  for  1889,  and  all  are  for  the  same  months  of  the  year : 

Farnace  Creek,  Cal.,  average  monthly  range 0.212  inch. 

Boston,  Ma8g.|  average  monthly  range 0.146  inch. 

New  York  City,  N.  Y.,  average  monthly  range 0.129  inch. 

Washington,  D.  C,  average  monthly  range 0.121  inch. 

Yuma,  ArisK.,  average  monthly  range 0.112  inch. 

Santa  F6,  N.  Mex.,  average  monthly  range 0.105  inch. 

San  Diego,  Cal.,  average  monthly  range.. 0.066  inch. 

Vienna,  Austria,  average  monthly  range 0.112  inch. 
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The  mean  daily  range  of  the  barometer  in  summer  is  (as  will  appear 
later)  very  large  at  Death  Valley.  This  will  generally  be  adde^  to 
make  the  monthly  maximnm,  and  subtracted  in  making  the  monthly 
minimnm,  thas  increasing  the  monthly  range  by  approximately  twice 
its  amount.  Taking  this  out  from  the  monthly  ranges,  the  Death  Val- 
ley datum  approximates  that  of  Yuma,  Ariz.,  Ban  Diego,  Oal.,  and 
Santa  F6,  N.  Mex.,  and  it  appears  that  the  pressure  in  the  Valley  is 
submitted  to  about  the  same  non-periodic  changes  as  that  at  stations 
outside,  as  must,  of  course,  be  the  case. 

The  daily  temperatures  are  given  in  Table  II  at  the  end  of  this  bul- 
letin. The  absolute  maximum  was  122^  F.,  and  this  was  reached  on 
several  days;  three  days  in  succession,  on  June  30  and  July  1  and  2, 
and  again  two  days  in  succession  in  August.  This  is  an  excessive 
maximum,  but  it  has  been  surpassed  in  the  United  States.  In  July, 
1887,  at  Mammoth  Tank,  in  the  Colorado  Desert,  the  temperature 
reached  128^  F.  in  the  shade,  and  again  in  July,  1884,  it  was  reported 
at  126^  F.  The  highest  temperature  ever  reported  at  any  other 
regular  Weather  Bureau  station  was  118^,  at  Yuma,  in  1878.  In  1891 
the  maximum  temperatures  were  the  highest  ever  reported  at  stations 
in  the  interior  of  the  Pacific  coast  states  south  of  the  Columbia  Biver. 
They  were  about  110^  in  the  San  Joaquin,  Sacramento,  and  lower 
Colorado  valleys  in  July  and  August. 

The  lowest  point  to  which  the  temperature  fell  while  the  station  was 
occupied  in  Death  Valley  was  54^,  on  May  21.  Oenerally  the  minimum 
was  above  7(^,  and  it  not  infrequently  reached  90^ ;  the  highest  was 
99^,  on  July  18.  A  day  during  which  the  maximum  temperature  is 
120^,  the  minimum  99^,  and  the  mean  of  all  hours  198^.6,  would  not  be 
a  comfortable  one  to  pass,  yet  such  a  day  was  passed  by  the  observer 
in  Death  Valley  on  July  18, 1891. 

The  absolute  range  of  temperature  for  this  period  was  68^  (54^,  122^). 
This  is  not  excessively  large  for  so  long  a  period  as  live  months.  The 
greatest  daily  range  was  in  May,  37^;  in  June,  44^;  in  July,  42^;  in 
August,  42^ ;  in  September,  41^.  These  are  large,  perhaps  a  half  larger 
than  usual  over  the  states,  but  they  can  easily  be  surpassed . 

To  give  some  idea  of  the  character  of  the  temperature  in  Death  Val- 
ley, as  compared  with  other  places  in  the  United  States,  the  following 
table  for  July,  1891,  may  be  of  service : 

Temperatures  in  the  United  States j  Julp,  1891. 


StatioiiB. 


Deitth  Valley,  Gal 

Yama,  Aris 

K€>eIer,Ca] 

Fresno,  Cal 

San  Diego,  Cal 

Washington,  D.  C 

Cbjcago,  III •  • 

Rio  Grande  Ci  fcy ,  Tex . . . . 
Ifoanft  Washington,  N.  H 


Mean. 

Maximam. 

Minimam. 

0 

Mean 
maximum. 

Mean 
minimam. 

o 

0 

0 

0 

103. 1 

133 

114 

xoo 

64 
57 

I  IS.  6 

106.0 

94.0 

86.8 
76.0 
69.0 

83.6 

"4 

51 

lOI.O 

66.0 

69.0 

88 

58 

75.0 

63.0 

72.0 

89 

54 

8x.o 

63.0 

67.0 

87 

55 

73- 0 

60.0 

87.6 

105 

70 

lOI.O 

74.0 

46.0 

64 

29 

53.0 

4P'0 

Lai^est 
daily  range. 

o 

42 

39 
31 
39 
31 

29 

33 

29 
33 
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These  are  all  regular  stations  of  the  Weather  Bureau.  Excessive 
temperatures  more  nearly  approaching  those  of  Death  Valley  could 
probably  be  easily  found  among  the  voluntary  stations  to  the  south  and 
southeast  of  this  place. 

The  mean  monthly  temperatures  were  84^.7,  92^.1,  102^.1,  100^.8, 
90^.2,  for  the  months  in  order.  For  four  months  the  mean  tempera- 
ture was  above  9(P  and  for  two  above  100^.  The  mean  temperature 
for  all  five  months  was  94^.  The  reputation  of  the  valley  for  heat  is 
certainly  justified. 

The  period  during  which  the  observations  were  taken  includes  the 
hottest  part  of  the  year,  and  it  will  be  interesting  to  ascertain  the  time 
of  maximum  heat.  The  records  show  that  the  seven  days  from  July 
18  to  24,  inclusive,  was  a  continuous  hot  spell,  with  the  highest  tem- 
perature of  any  consecutive  days  of  the  same  number.  The  minimum 
did  not  fall  below  88^  and  the  maxima  ran  from  119<'  to  121<'.  The 
daily  temperature  did  not  fall  below  106^.4,  and  averaged  107^.5.  A 
smooth  curve  run  through  the  monthly  means  gives  July  24  as  the 
date  of  annual  maximum.  This  is  somewhat  later  than  usual  for  the 
Eastern  States  but  not  remarkable  for  the  Southwest.  It  may  be  a 
few  days  later  than  would  be  shown  by  observations  for  a  series  of 
years,  as  the  heat  held  late  in  the  summer  of  1891. 

Humidity. — ^An  interesting  point  in  connection  with  this  valley  is 
that  of  its  aridity.  It  has  already  been  pointed  out  that  water  proba- 
bly stands  in  the  valley  occasionally,  but  this  would  not  happen  in  the 
dry  season,  and  the  months  of  observation  fall  in  this  season.  The 
average  amount  of  moisture  is  remarkably  constant  through  the 
months,  as  is  shown  by  the  uniformity  of  the  dew-points,  and  conse- 
quently that  of  the  weights  of  vapor  in  the  air.  It  is  also  fairly  the 
same  at  the  morning  and  evening  observations.  We  may  conclude 
that  during  the  months  the  average  quantity  of  vapor  does  not  vary 
much  in  this  independent  basin  in  the  midst  of  an  arid  region  and  cut 
off  by  high  mountains  east  and  west.  There  is  a  slight  deficiency  of 
0.28  grain  per  cubic  foot  at  the  evening  observations  as  compared  with 
those  of  the  morning,  but  it  is  probably  due  to  the  rising  currents  of 
air  during  the  hottest  parts  of  the  day. 

Mean  dew-points  and  absolute  humidities  in  Death  Valley. 


Dew-point. 


5.13  a.m.    5.13  p.  1X1. 


May 

June 

July 

Angnst 

September . . . 

Average 


41 
42 

% 

47 
45 


40 

42 

48 
46 

48 
45 


Water  in  grains 
Troy,  per  cu.  fL 


S.i3a.m.'5.i3p.m 


Mean 
temperatures. 


5.T3a.m. 


73 
81 

89 
87 
79 

8a 


S.X3p.m. 


o 

94 
102 
112 
III 

98 


103 
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Dew  coold  not  form  in  the  valley  under  the  conditioDs  observed. 
The  maximam  approach  to  dew  was  on  the  morning  of  August  17. 
The  dew-point  was  then  70^,  bat  the  temperature  was  79^.  There  was 
present  only  75  per  cent,  of  the  moisture  necessary  to  form  dew,  but  if 
the  temperature  had  fallen  only  9^  dew  would  have  begun.  The  least 
approach  to  dew  was  at  the  evening  observation  on  August  4.  The 
dew-point  was  then  229  and  the  actual  temperature  in  the  shade  was 
112^.  There  was  present  only  5  per  cent,  of  the  moisture  needed  to 
have  dew  form,  and  the  temperature  would  have  to  fall  90^  to  make  it 
possible.  The  average  dew-point  for  the  whole  period  (observations 
twice  daily)  was  45^,  but  the  mean  temperature  for  the  same  hours 
was  93^.  The  moisture  would  have  to  be  quintupled  or  the  mean  tern- 
^perature  fall  48^  lower  to  make  dew  possible  under  these  conditions. 

But  the  most  interesting  form  of  humidity  by  which  to  judge  of  the 
comfort  to  be  found  in  residence  at  a  place,  and  the  animal  and  plant 
forms  which  will  thrive  in  it,  is  the  relative  humidity.  This  is  given 
twice  for  each  day  in  Table  III.  The  lowest  recorded  relative  humid- 
ity in  Death  Valley  was  5  per  cent,  on  the  ailternoons  of  August  4  and 
5.  This  was  part  of  a  long  dry  spell,  ^'rom  July  30  to  August  9  the 
relative  humidity  did  not  go  above  13  per  cent,  at  the  afternoon  obser- 
vation, and  averaged  8.  The  highest  observed  was  75  per  cent,  on 
the  morning  of  August  17.  The  morning  observations  here  were  at 
5  hrs.  13  min.,  or  about  the  time  of  the  diurnal  maximum  of  relative 
humidity,  while  the  evening  observations  fell  shortly  after  the  usual 
minimum.  The  observed  humidities  at  these  hours  are  therefore  the 
approximate  diurnal  maxima  and  minima,  and  this  gives  the  accom- 
panying abstract  from  Table  III  an  interest  it  would  not  otherwise 
have. 

Relative  humidities  in  Death  Valley, 


1891. 


May 

Jane 

July 

Aogast .... 
September. 


Average. 


Morning. 


3®- 5 


Evening. 


Pwcmt, 

P&rcmU, 

34-5 

17.8 

27.2 

14.3 

27-4 

ia.6 

29.0 

13-0 

34-2 

30.3 

15.6 


The  difference  between  morning  and  evening  is  due  to  the  difference 
in  temperature  for  the  most  part,  as  it  has  been  already  shown  that 
the  average  moisture  is  nearly  constant.  It  appears  that  in  the  morn- 
ing the  air  contains  less  than  one-third  the  amount  of  saturation  and 
in  the  evening  less  than  one-sixth.  This  will  be  most  instructive  if 
we  compare  the  humidities  in  Death  Valley  with  other  places  in  the 
United  States.  This  is  given  in  the  tabular  statement  accompanying, 
and  includes  the  driest  stations,  those  nearest  to  Death  Valley,  the 
dampest  regular  station  for  this  season  (Fort  Oanby,  near  the  mouth 
of  the  Columbia),  and  Chicago  and  Washington  for  comparison.    The 
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record  for  Fort  Grant,  Ariz.,  is  not  complete,  as  this  station  was  aban- 
doned in  August.  It  appears  to  stand  next  in  aridity  to  Death  Yal. 
ley.  At  Winnemucca,  in  August,  the  dryness,  was  greater  than  in 
Death  Valley.  The  aridity  of  Death  Valley  can  be  best  judged  by 
comparing  it  with  the  relative  humidity  at  Chicago,  72  per  cent.; 
Washington,  77  per  cent.,  and  Fort  Oanby,  96  per  cent.  Its  repu- 
tation for  aridity  in  summer  seems  fully  justified,  for  the  low  relative 
humidity  (with  the  large  air-motions  to  be  mentioned)  would  cause 
evaporation  to  proceed  with  very  great  rapidity. 

Relative  humidities  in  the  United  States^  1891. 


stations. 


Death  Valley,  Gal  . 
Fort  Grant,  Ariz  .. 

£1  Paso,  Tex 

Winnemucca,  Ner. 

Keeler,  Cal 

Fresno,  Gal 

Tama,  Aril 

Santa  F6,N.  Mex.. 
Sacramento,  Gal . . . 

Ghicago,  111 

Los  Angeles,  Cal., 

San  Diego,  Gal 

Washington,  D.  G . 
Fort  Ganby,  Wash. 


May. 

Jane. 

July. 

August. 

Sep- 
tember. 

Psrcent 

PsremU, 

Ptrccnt* 

Fnrcmt. 

Percent. 

26 

ai 

20 

21 

27 

3» 
35 

a6 

33 
31 

26 

36 

♦? 

^ 

42 

27 

18 

36 

31 

31 

35 

38 

53 

42 

30 

31 

41 

g 

37 

36 

47 

40 

47 

t^ 

42 

56 

!♦ 

6o 

59 

a 

8i 

70 

74 

66 

78 

73 

U 

69 

75 

75 

V, 

68 

74 

77 

82 

92 

97 

97 

96 

97 

Average. 


JPer  centm 
23 


34 
34 
35 
39 
40 

I? 

72 
74 
77 
77 
96 


The  cloudiness  was  slight  (Table  lY).  In  May  there  were  12  clear 
days  and  14, 15, 17,  and  12  in  the  other  months  in  succession.  This 
makes  70  clear  days  in  153,  or  46  per  cent,  of  days  without  clouds. 
In  the  latter  part  of  July  and  early  in  August  there  were  12  clear  days 
in  succession.  Only  4  of  the  153  days  were  entirely  overcast.  The 
average  percentage  of  cloudiness  for  five  mouths  was  30.  This  is 
decidedly  greater  than  for  stations  around  Death  Valley,  Oal.,  with 
very  similar  physical  conditions.  Pioche,  Nov.,  had  25  per  cent.; 
Prescott,  Ariz.,  23;  Yuma,  Ariz.,  14;  Visalia,  Gal.,  14;  and  Keeler, 
Oal.,  10  for  the  same  period.  The  greater  cloudiness  of  Death  Valley 
is  due  to  the  local  storms  for  which  the  surroundings  of  the  valley  are 
especially  favorable. 

There  was  an  appreciable  difference  in  the  cloudiness  of  the  morning 
and  evening.  For  the  morning  it  was  24, 18,  29, 15,  and  10  per  cent., 
for  the  months  in  order;  for  the  evening  observations,  39,  27,  28,  23, 
and  30  per  cent.  The  general  average  for  the  morning  was  19  per 
cent. ;  for  the  evening,  29  per  cent.,  or  one-half  greater. 

Oirms  and  cumulus  types  of  clouds  were  about  equally  common, 
generally  cirro-stratus  and  cumnlo-stratus.  This  means  that  the  clouds 
were  about  equally  of  general  and  local  origin.  Light  haze  was  re- 
ported but  twice,  dense  haze  but  once.  The  direction  of  motion  of 
clouds  was  quite  various,  but  the  prevailing  directions  were,  for  the 
months  in  succession,  south,  west,  southwest,  west,  and  south.  The 
westerly  direction  was  the  prevailing  one  in  summer. 
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The  rain/atl  was  extremely  light.    The  showers  at  the  station  at 
Parnace  Greek  are  given  in  the  accompanying  table : 

Saint  and  accompanying  phentymena  at  the  station. 
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There  were  22  showers  at  Furnace  Greek  dnring  the  5  months  it 
was  occnpied  as  a  station.  The  observer  also  recorded  9  other  cases 
in  which  rain  was  seen  to  fall  on  the  mountains  or  there  was  evidence 
of  a  tbanderatorm  within  sight.  Of  the  22  cases  of  rainfall  at  the 
station,  only  13  gave  more  thao  a  trace,  or  measurable  amount,  of 
rain.  These  13  showers  fell  on  9  different  days,  and  this  gives  the 
probability  of  rain  on  any  day  at  9-^153,  or  0.06.  This  is  larger  thau 
for  the  stations  around  Death  Valley  for  the  same  months;  at  Ynma 
the  average  probability  is  0.01;  at  San  Diego,  0.04;  at  Eeeler,  0.04; 
at  Frisco,  0.12 ;  at  Prescott,  0.19. 

The  total  rain  in  the  mouths  is,  for  Hay,  O.IS  inch ;  for  Jane,  0.06; 
for  July,  0.37;  for  August,  0.60;  for  September,  0.20.  For  the  entire 
period  of  6  months  the  rainrall  was  1.40  inches.  This,  for  the  dry 
season,  is  by  no  means  very  dry,  but  the  excessively  low  humidity  and 
brisk  winds  evaporate  the  rain  rapidly. 

The  last  column  in  the  table  of  rainfall  shows  the  character  of  the 
rain  very  distinctly.  The  rain  was  always  either  a  slight  sprinkle  or 
a  thunderstorm,  and  was,  therefore,  local  in  character.  There  was  no 
general  or  "  blanket "  rain  daring  the  occupancy  of  the  valley  by  the 
observer. 

An  additional  feature  is  brought  out  by  the  columns  of  temperature 
and  humidity  which  have  been  added,  and  this  is  of  interest  in  its 
bearings  on  rains  in  arid  regions  generally.    The  observations  of  the 
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wet-bulb  thermometer,  from  which  the  hamidity  is  deduced ,  were 
taken  only  at  8  a.  m.  and  8  p.  m.,  hence  the  humidity  cannot  be  given 
directly  for  the  intermediate  hours,  but  the  hours  of  observation  were 
near  enough  generally  to  permit  the  following  conclusion  :  The  lower^ 
or  surface^  air  was  at  no  time  at  or  near  saturation  at  the  time  of  rain- 
fall. During  the  fainf^U  in  the  morning  of  May  21  the  lower  air  had 
only  62  per  cent,  of  the  moisture  of  saturation,  and  during  the  morning 
of  June  3  only  48  per  cent.  The  nearest  hour  of  observation  on  July 
22  (only  10  minutes  after  the  rain)  gave  only  20  per  cent.,  and  corre- 
spondingly with  the  others.  But  it  will  be  more  interesting  to  esti- 
mate the  relative  humidity  sit  the  time  of  the  beginning  of  each 
shower,  and  this  we  can  easily  do  by  interpolation  of  the  dew-point 
at  the  hours  of  observation.  It  has  been  already  pointed  out  that  the 
mean  absolute  humidity,  and  hence  the  mean  dew-point,  is  curiously 
constant.  An  inspection  of  the  sheets  of  observations  shows  that  the 
dew-point  actually  changes  but  slowly  and  is  not  infrequently  the 
same  in  successive  observations.  Deducing  the  relative  humidity  in 
this  way,  column  six  is  obtained,  and  the  interesting  fact  appears  that 
at  the  beginning  of  the  rains  the  relative  humidity  was  never  greater 
than  two-thirds,  was  sometimes  as  low  as  one-twelfth,  and  averaged 
28  per  cent.  In  the  very  heaviest  rain  it  was  only  18  and  it  was  63  in 
one  of  the  lightest — ^so  light  that  the  amount  of  rain  that  reached  the 
ground  was  not  measurable.  It  is  a  common  phenomenon  in  arid 
regions,  and  not  unknown  elsewhere,  to  see  rain  fall  from  the  clouds 
and  fail  to  reach  the  ground.  At  such  times  the  condition  of  the  air 
at  the  height  of  the  clouds,  where  there  must  be  saturation,  is  very 
different  from  that  at  the  surface.  At  Furnace  Greek  the  superheated 
air  near  the  ground  was  apparently  a  relatively  thin  layer,  so  thin 
that  rain-drops  formed  above  could  pass  through  it  without  entire 
evaporation  notwithstanding  its  great  heat  and  low  humidity.  On 
August  16  over  half  an  inch  passed  through  it,  though  its  relative 
humidity  was  only  18  per  cent. 

It  is  to  be  noted,  also,  that  the  rain  showed  a  distinct  diurnal  ire- 
quency.  Nearly  all  of  the  hours  of  rain  were  in  the  night;  out  of  50 
hours  of  rain  35  occurred  from  7  p.  m.  (local  time)  to  5  a.  m.,  or  from 
sunset  to  sunrise.  There  were  only  15  in  the  hours  when  the  sun  was 
above  the  horizon.  The  hours  of  rainfall  during  the  night  were  pretty 
evenly  distributed  after  8  p.  m.  (local  time). 

The  winter  rains  for  this  place  have  not  been  recorded,  but  as  in 
summer  its  cloudiness  and  rainfall  compare  very  favorably  with  sta- 
tions about  it  there  is  every  probability  that  it  has  at  least  the  rainfall 
belonging  to  its  geographical  position,  with  possibly  some  addition 
due  to  the  favorable  character  of  the  topography  for  summer  rains. 
To  ascertain  what  this  is,  the  following  records  are  extracted  from 
Lieutenant  Glassford's  <^  Irrigation  and  Water  Storage  in  the  Arid 
Begion:" 


\ 


DISCUSSION  OF   OB8EEVATIONS. 


27 


RainfaU  al  stations  near  Death  VaUey. 
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The  second  and  third  statioDs  in  this  table  are  in  higher  latitudes  than 
Death  Valley,  the  others  in  lower.  Gamp  Cady  and  the  three  following 
are  in  the  Mohave  Desert;  the  last  three  are  on  the  Colorado  River. 

For  the  months  covered  by  the  Death  Valley  records  Keeler  has  0.89 
inch  of  rainfall ;  Oamp  Independence,  0.71;  Bishop  Greek,  0.27;  Gamp 
Gady,1.05;  Barstow,  0.26 ;  Daggett,  0.52;  Fenner,  1.17;  Needles,  1.49; 
El  Dorado  Gafion,  2.19;  Yuma,  1.57. 

All  the  stations  off  the  Golorado  Eiver  give  less  rainfall  in  summer 
than  Death  Valley,  1.40.  The  mean  of  the  two  nearest,  Eeeler  and 
Camp  Cady,  gives  a  summer  rainfall  of  0.97  inch,  and  an  annual  of  3.24. 
If  Death  Valley  winter  rainfall  is  as  much  larger  in  proportion  as  is 
the  summer  rainfall,  this  would  give  it  an  annual  amount  of  4.50 
inches.  Lieutenant  Glassford  passes  his  isohyetal  of  five  inches  nearly 
over  it,  and  we  may  assume,  with  probability  of  close  approximation, 
that  the  annual  rain  in  Death  Valley  is  at  least  4  or  5  inches.  This  is 
not  heavy,  but  it  is  heavier  than  in  the  desert  to  the  south,  as  the 
topography  would  lead  us  to  expect. 

Winds. — Table  V  gives  the  direction  of  the  wind  at  each  observa- 
tion for  each  day  of  the  five  months,  and  the  mean  of  the  velocities 
of  all  the  hours  of  the  day.  Compilation  shows  that  the  average 
frequencies  for  each  month  are  as  follows : 

Monthly  frequency  of  wind  in  Death  VaUey,  CdL 
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It  appears  that  the  << sluggish  atmosphere"  to  which  writers  are 
fond  of  referring  when  describing  Death  Valley  exists  only  in  their 
imagination,  at  least  io  summer.  The  calms  observed  in  five  months 
in  bi-daily  observations  were  only  fonr,  and  these  were  all  in  the 
morning  hour  about  the  time  of  minimum  velocity  of  wind.  From  the 
306  observations  there  result  only  4-f-306,  or  one  per  cent,  of  calms. 
Yuma,  Ariz.,  in  these  months  in  1889  had  9  per  cent.;  Eeeler,  Cal., 
10;  San  Diego,  Oal.,  16;  and  Los  Angeles,  Oal.,  28.  But  records  on 
this  point  vary  much  with  the  station.  San  Antonio,  Tex.,  in  these 
months  had  no  calms,  while  Boseburgh,  Oregon,  had  30  per  cent. 

The  prevailing  wind  was  from  the  south,  nearly  one-half  of  all 
being  from  that  direction.  The  north  winds  were  only  one-flfkh  as 
frequent,  notwithstanding  the  valley  lies  nearly  north  and  south.  The 
prevailing  wind  at  Keeler  was  also  from  the  south,  but  at  other  sta- 
tions near  this  the  south  wind  is  not  so  common — ^though  there  is  some 
evidence  of  a  summer  monsoon  over  southeastern  California,  and  this 
would  give  generally  southerly  winds. 

The  relation  of  the  direction  of  the  wind  to  questions  of  temperature 
and  speed  also  deserves  attention.  In  the  accompanying  table  is  given 
the  average  temperature  and  speed  of  the  winds  from  each  point  of  the 
compass  and  also  the  percent,  of  frequency  of  the  highest  wind  velocity 
from  each  point  of  the  compass. 

Relations  ofdirecHon  to  temperature  and  vdocUy, 
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It  will  be  seen  that  the  winds  from  down  the  valley  are  notably 
hottest,  those  from  across  the  valley  next,  and  those  from  up  the 
valley  and  from  the  mountains  east  follow  in  order.  The  winds  from 
down  the  valley  are  also  those  of  highest  velocity,  and  also  those 
giving  the  most  frequent  maximum  velocities. 

There  is  also  some  evidence  of  the  diurnal  change  of  wind,  as  ap- 
pears in  the  last  two  columns  of  the  table  on  page  27  (where  the  num- 
bers are  doubled  to  make  them  comparable  with  the  preceding  column). 
This  feature  is  better  shown  in  the  accompanying  wind  roses,  Fig.  5. 
The  south  winds  are  more  than  twice  as  frequent  in  the  evening  as  in 
the  morning,  and  the  north  winds  less  than  half  as  frequent.  This  is 
a  natural  result  of  the  heating  and  cooling  of  the  higher  valley  to  the 
north. 
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Tbe  meaa  honrly  wind  velocities  are  DOt  materially  different  from 
those  at  other  stations.  On  An- 
gUBt  5  they  averaged  25.9  miles, 
bat  on  SeptemtKr  7  only  2.3  miles. 
The  average  of  all  the  months  was 
9.8  miles.  The  average  at  Phcenix, 
Ariz.,  is  only  2.4  miles  for  the  same 
period;  at  Sao  Diego, 5.9;  atYama 
and  Santa  Fe,  6.1;  and  at  San  Fran- 
cisco, 11.1.  On  the  whole,  the  ve- 
locity in  Death  Valley  is  greater 
than  at  neighboring  stations. 

Before  leaving  this  pnrt  of  the 

discussion  it  will  be  interesting  to 

see  if  such  a  climate  can  be  equaled 

in  other  parts  of  the  earth.    The 

climate  of  Death  Valley  in  snm- 

mer  is  very  hot  and  very  dry ;  at 

the  same  time  the  weather  is  more 

cloudy  than  would  be  expected; 

there  are  some  rains,  and  the  winds 

Fiu.  6.  are  fairly  active. 

If  the  hottest  month  of  the  year  is  taken  {usually  July  for  the 

northern  hemisphere  and  January  for  the  southern)  the  regions  of 

excessive  beat  will  be  found  to  be^- 

The  central  Sahara  with  a  mean  temperature  in  July  of  97°  and 
upwards; 

Interior  Arabia  and  westward  to  the  Indus,  temperatnre  of  July  94° 
and  upwards; 

Sontbem  Oalifomia  to  Sinaloa,  temperature  of  July  94°  aud  np- 
vards; 
Central  Australia,  temperatnre  of  January  94°  and  upwards. 
The  center  of  greatest  beat  in  India  migrates  a  little  on  account  of 
the  summer  rains.  Id  May  It  is  central  in  the  peninsula,  and  the  mean 
temperatnre  is  9S°  and  upwards.  In  July  the  temperatares  are  re- 
dnced. 

In  general  these  places  are  in  latitudes  20°  to  40°,  and  they  are  all 
very  dry — generally  sandy  deserts.  Death  Valley  is  in  one  of  these 
areas,  but  its  topography  and  soil  are  especially  adapted  for  producing 
very  high  temperatares.  To  show  the  character  of  these  differences, 
four  stations  in  the  valley  of  the  Indns  aud  one  in  the  Tunisian  Sahara 
have  been  selected  as  marked  by  especial  heat  and  dryness — the  most 
extreme  found  where  regular  observations  are  taken.  The  places 
selected  are — 
Gardaia,  a  small  irrigated  oasis,  filled  with  orchards,  in  the  Tunisian 


30 


CLIMATE   OF   DEATH   VALLEY. 


Sahara,  about  175  miles  soathwest  of  the  Gulf  of  Gabes,  popalation 
12,000; 

Hyderabad,  a  city  of  35,000  inhabitants  on  the  Indns,  and  Jacobabad, 
5,000  inhabitants,  near  the  Belocbee  frontier,  both  in  npper  Sinde ; 

Mooltan,  a  city  of  69,000  inhabitants,  formerly  much  more  populous, 
and  Dera  Ismail  Khan,  12,000  inhabitants,  both  in  the  Pnnjanb. 

All  these  places  are  celebrated  for  their  great  dryness  and  excess- 
ively hot  summers. 

Comparison  of  DecUh  Valley  and  other  stations. 
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It  will  be  seen  that  Death  Valley  is  both  much  hotter  and  much 
drier  than  any  of  these  places.  It  is  not  that  its  maximum  is  so  much 
greater  or  the  diurnal  range  more  severe,  but  it  is  more  consistently 
hot  than  the  others.  In  the  others  can  probably  be  seen  about  the 
best  that  the  sun  and  drought  can  do  unaided ;  in  Death  Valley  these 
are  aided  by  the  peculiar  topography,  and  the  difference  is  very  appre- 
ciable. 

It  may  be  of  interest  to  note  that  the  highest  maximum  observed  in 
the  meteorological  service  of  India*  was  123^.1,  at  Pachpadra  in  Baj- 
putana  on  May  25, 1886,  the  same  day  as  the  record  of  maximum  at 
Jacobabad. 

A  good  measure  of  the  rigor  of  a  climate  is  to  be  found  in  the  mean 
daily  range  of  temperature.  Where  it  is  small  the  climate  may  be  hot 
or  cold,  but  can  be  endured  with  much  less  danger  than  where  this 
range  is  large.  To  ascertain  the  position  of  Death  Valley  in  this 
regard  its  mean  daily  range  for  the  months  is  tabulated  with  those  of 
other  places  which  can  be  characterized  as  of  a  mild  or  rigorous 
climate. 


^Blandford,  *'  Climates  and  Weather  of  India,''  1889,  p.  133. 
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Mean  daUy  range*  of  temperature. 


stations. 


May. 


o 

Oalreston,  Tex.  ^ 6. 8 

Ban  Diego,  Cal.i ..;  9.8 

San  Francisco,  Gal.  1 9. 4 

NewYorkCity,  N.  y.i 11.2 

Washington,  D.G.i 15.2 

SantaFl,N.  Mez.i 31.6 

Death  Valley,  Gal. s 21.9 

Tama,  Aria.  1 27.6 

Winnemaeea,  Ner.i 25'i 

Hyderabad,  India* 38-0 

Jacnbabad,  India*. 32.0 

Mooitan,  India* 28.0 

Dera  Ismail  Khan,  India* 27.0 

Leh,  India* 27.0 


Jane. 

Jaly. 

Aag. 

Sept. 

0 

0 

0 

0 

6.4 

6.6 

6.5 

6.3 

9.4 

9-5 

9.9 

10.5 

9-5 

10.5 

10.4 

10.3 

"•5 

II. 0 

10.2 

10*  0 

14.7 

14.4 

14.8 

14.8 

22.0 

20.2 

18.2 

21.4 

a3-3 

24.6 

27.1 

22.2 

28.3 
25.8 

24.0 

24.2 

24.8 

29-3 

33-8 

31.2 

22*  0 

19*0 

17.0 

20.0 

28.0 

24.0 

22.0 

25.0 

25.0 

20.0 

18.0 

22.0 

27.0 

21.0 

20.0 

25-5 

30.0 

29.0 

30.0 

30*0 

Aver- 
age. 


o 

9.8 
10.0 
io>8 
14.8 
30.7 
33.6 
25.8 
39<o 

30.8 
36.3 
23.6 
34.0 
39.3 


^ Taken  from  Greely's  "Mean  Temperatures  and  their  Corrections  in  the  United 
States,"  1891,  pp.  Ill  and  IV. 

'Taken  from  Blandford's  "Climates  and  Weather  of  India,"  1889,  pp.  291,  802, 
and  808. 

'  From  Table  VII  at  the  end  of  this  bulletin. 

Leh  is  in  Eastern  Oashmere  in  the  Himalayas,  at  a  height  of  11,503 
feet.  Comparison  shows  that  while  the  diurnal  ranges  of  temperature 
are  great  in  Death  Valley,  they  are  equaled  and  surpassed  elsewhere. 

IV.— THE  WEATHER  IN  THE  VALLEY. 

The  succession  of  pentad  or  five-day  means  (Table  VI)  gives  an  easy 
bird's-eye  view  of  the  progress  of  the  elements  in  the  valley.  The 
novel  feature  which  is  brought  to  light  is  that  the  pressure  is  not  in 
this  case  the  key  to  the  conditions  of  the  weather.  As  it  happens  the 
hottest  period  (July  15  to  24,  when  the  mean  temperature  was  106^.7) 
was  the  time  of  nearer  mean  than  low  barometer,  and  the  same  is  true 
of  the  next  hottest  term,  August  19  to  September  2,  when  the  mean 
temperature  was  103^.1.  The  coolest  period  was  when  the  barometer 
was  again  about  mean  (May  31  to  June  4,  temperature  79^.3).  In  the 
same  way  the  wind  velocities  show  no  relation  to  the  changes  of  the 
barometer.  Bain  came  generally  with  a  high  barometer,  and  the  hu- 
midity is  sensitive  to  nothing  but  the  rain,  so  that  we  have  the  para- 
dox of  greatest  relative  humidity  with  maximum  pressure. 

It  will  now  be  interesting  to  follow  the  note-books  of  the  observer 
through  his  five  months'  task,  noting  the  phenomena  of  interest. 

Rain  storms. — ^May  13,  heavy  masses  of  cumnlo-stratus  clouds  moved 
rapidly  from  the  south  all  day.  A  thunderstorm  passed  up  the  valley, 
seeming  to  draw  from  the  Panamint  to  the  Funeral  range.  Bain  fell 
on  both  ranges,  but  none  in  the  valley.  The  thunder  was  first  heard 
at  2.33  p.  m.,  last  at  5.33  p.  m.  The  temperature  fell  9^.  The  wind 
had  been  in  the  south,  but  at  5.43  it  changed  to  the  north  and  in- 
iseased  gradually  in  violence  until  at  7.48  it  reached  a  velocity  of  37 
miles  per  hour.  This  is  the  familiar  summer  or  heat  thunderstorm, 
common  in  mountainous  regions  in  hot  weather.    Similar  storms  were 
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described  on  June  13,  July  25  and  27,  and  August  16.  All  caused  a 
change  of  wind  and  fall  of  barometer.  They  were  always  late  after- 
noon or  early  morning  phenomena.  Distant  thunder  and  lightning 
were  often  recorded  when  no  thunderstorm  was  seen  fi*om  the  station, 
and  such  storms  when  they  came  did  not  always  bring  rain  to  the 
station. 

The  thunderstorm  of  July  25  presented  some  features  of  especial 
interest.  In  the  afternoon  large  masses  of  thunderheads  were  seen 
moving  from  the  southwest  and  west  until  darkness  set  in.  The  light- 
ning was  very  vivid,  and  rain  fell  to  the  depth  of  .04  of  an  inch.  The 
wind  changed  from  northwest  to  east,  and  the  temperature  fell  from 
110^  to  92^.  With  this  storm  came  on  suddenly  a  violent  wind  which 
unroofed  a  small  adobe  building  near  the  station.  The  roof  was  thrown 
about  15  yards  westward,  and  the  boards  and  shingles  scattered  to 
the  north  and  west  of  it.  This  was  apparently  a  regular  whirl,  as  the 
wind  was  previously  from  the  northwest. 

The  thunderstorm  of  August  16  gave  the  heaviest  rain  of  all  (0.54 
inch).  It  was  a  morning  thunderstorm,  following  several  days  of  dis- 
tant thunder  and  threatening  weather,  and  it  continued  only  two  hours 
(from  2  to  4  a.  m.).  The  most  of  the  rain  (0.51  inch)  fell  within  half 
an  hour.  The  rainfall  on  the  west  side  of  the  valley  must  have  been 
much  larger,  as  the  sound  of  the  water  was  distinctly  heard  as  it 
rushed  down  the  cations  six  miles  distant.  Large  streams  of  water 
also  came  down  on  the  east  side,  but  no  damage  was  done.  The 
ground  became  exceedingly  soft  about  the  station,  and  traveling  was 
made  dangerous. 

The  thunderstorm  of  July  27  caused  a  fall  of  20^  in  temperature, 
from  107^  to  87^.  The  rainfall  was  slight,  but  the  drops  were  very 
large  and  very  cold. 

Another  source  of  rain  was  that  of  the  slight  showers  which 
occurred  on  May  31,  June  3,  and  other  days.  No  mention  of  thunder 
or  lightning  is  made,  and  the  showers  were  scattered.  The  clouds 
were  cumulo-stratus.    These  are  the  light  cumulus  showers  of  summer. 

In  all  cases  the  rain  was  from  local  storms.  There  is  no  evidence  of 
rain  from  a  general  storm,  and  indeed  such  rain  is  improbable  in  this 
part  of  the  world  at  this  season  of  the  year. 

Sand  storms  were  observed  several  times.  On  June  29,  at  6  p.  m., 
after  light  westerly  winds  all  day,  such  a  storm  came  down  from 
Mesquite  Valley  and  passed  southward  on  the  west  side  of  Death  Val- 
ley. The  mountains  on  the  west  side  were  entirely  obscured,  while  a 
dead  calm  prevailed  at  the  station  on  the  east  side  until  7.30  p.  m., 
when  a  high  wind  set  in  from  the  west.  Another  appeared  at  7  p.  m. 
on  July  28  and  took  the  same  course.  It  disappeared  at  8  p.  m.,  but  a 
thunderstorm  was  heard  and  lightning  seen  to  the  south  until  after 
midnight.  Sand  storms  of  the  same  character  were  reported  on  Sep- 
tember 22  and  30. 
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On  AugQst  13  the  observer  had  a  sand  stonn  at  his  own  station ,  that 
iSy  on  the  east  side  of  the  valley,  the  preceding  having  been  on  the  west 
side.  The  wind  blew  a  gale,  beginning  at  5.40  p.  m.,  and  for  the  first 
half  hour  the  air  was  filled  with  sand  and  dast.  The  wind  subsided 
at  8  p.*  m.  A  similar  gale  occurred  on  September  3.  The  sand  storms 
on  the  east  side  seem  to  have  been  nothing  but  gales,  which  were,  for 
some  reason,  unusually  loaded  with  sand. 

ChUes  were  common  during  the  entire  residence  in  the  valley.  They 
were  generally  from  the  south  and  came  on  every  three  or  four  days, 
they  were  distinctly  diurnal  in  their  character,  rarely  lasting  more 
than  seven  hours,  and  usually  only  two  or  three,  and  dying  out  toward 
midnight.  The  velocity  was  usually  above  30  miles  per  hour,  some 
reaching  45  miles  or  more,  and  one  51  miles  per  hour.  They  usually 
began  suddenly  and  died  out  gradually.  More  than  half  of  them  were 
from  the  south,  and  four-fiilths  were  from  southern  points  of  the  compass. 

Some  of  the  gales  from  the  south  were  more  protracted  and  so  un- 
usually hot  as  to  be  specially  designated  by  the  observer  as  ^'  hot  winds." 
One  on  June  17  began  at  10.40  a.  m.  and  lulled  at  6  p.  m.  It  was  one 
continuous  hot  blast,  with  a  maximum  temperature  of  112^.6.  The  sky 
was  partly  covered  with  cirrus  clouds,  until  later  a  dark  stratus  came 
down  irom  the  northwest. 

Another  hot  wind  set  in  at  1.35  p.  m.  on  August  4  and  continued, 
with  lulls,  until  11  p.  m.  of  the  5th.  The  sky  was  cloudless  and  the 
heat  intense  (maximum  114^).  The  maximum  velocity  was  48  miles 
per  hour  at  4  p.  m.  of  the  5th.  Numerous  whirlwinds  were  formed  in 
the  valley  during  the  5th  and  had  sufficient  power  to  take  up  loose 
boards  to  a  considerable  height.  Other  hot  winds  occurred  on  August 
10, 26,  and  29. 

v.— THE  AUTOMATIC  BEGI8TBRS. 

The  wind,  temperature,  and  air-pressure  were  continuously  registered 
during  the  five  months  that  the  station  was  occupied.  The  registering 
instruments  worked  well,  were  carefully  attended,  were  compared  with 
the  standards  at  ffequent  intervals,  and  were  reset  when  necessaty. 
Their  corrections,  ascertained  by  the  comparison  with  the  standards, 
have  been  used  in  the  compilations  which  follow.  These  corrections 
were  always  small,  and  there  is  no  indication  that  the  corrected  read- 
ings do  not  as  accurately  as  practicable  represent  the  corresponding 
meteorological  elements. 

SUDDEN  GHANaES  ON  THE  BEGISTEB  SHEETS. 

The  thermographic  sheets  present  a  very  interesting  and  marked 
peculiarity.  From  about  10  o'clock  in  the  evening  until  about  sunrise 
they  often  show  alternate  waves  of  heat  and  cold.  These  were  usually 
of  from  3^  to  6^.  They  were  most  common  in  the  hottest  weather,  when 
there  were  often  from  three  to  five  of  them  during  each  night.  One  of 
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the  strongest  vas  od  June  16,  and  this  will  serve  as  a  type.  At  2.43 
a.  m.,  local  time,  the  thermometer  was  standing  at  76°;  it  tlieu  began 
to  rise  and  reached  83°  (a  rise  of  7°)  at  3.10  a.  m.;  it  then  fell  slowly 
to  73"*  (a  fall  of  10"),  which  it  reached  at  4.60  a.  m. ;  then  it  rose  rapidly 
to  86°,  reaching  that  point  at  6.13  a.  m.  From  this  poiot  ittook  ap  its 
regular  daily  progress.  The  temperature  surges  with  their  duration 
were  as  follows:  A  rise  of?"  in  27  miautes;  a  fall  of  10°  in  100  min- 
ntes ;  a  rise  of  13°  in  23  mioutes.  Meantime  no  appreciable  change 
was  made  on  the  barographic  sheet,  and  the  anemographic  sheet  shows 
only  a  light  and  very  variable  wind. 


Fio.  e. 

The  upper  part  of  the  daily  curve  from  about  10  a.  m.  to  4  or  6  p.  m. 
shows  a  much  larger  number  of  minute  changes  back  and  forth  of  a 
degree  or  two.  While  the  lower  part  of  the  diurnal  thermograph  trac- 
ing has  a  series  of  waves,  the  upper  part  has  a  series  of  ripples. 

The  waves  might  have  been  due  to  occasional  clouds,  though  the 
records  give  no  indication  of  this,  and  such  sudden  cloudings  and  clear- 
ings in  this  place  are  improbable.  Further  than  this  there  seems  do 
suggestion  to  make  with  regard  to  the  cause  of  these  waves  and 
ripples. 

A  notable  fall  of  temperature  was  that  late  in  the  eveuing  of  July 
24.  The  thermometer  was  gradually  falling, bnt  at  10.33 p.  m.  itstood 
at  111°.S.  It  then  began  to  fall  rapidly,  and  at  11.10  p.  m.  it  hatl  de- 
sceoded  to  91°.7,  a  fall  of  20''  in  37  minutes.  It  then  rose  again  rapidly 
until  at  11.23  p.  m.  it  stood  at  99°.7,  when  it  resumed  its  regular  diur- 
nal course.  In  this  case  there  were  other  changes.  The  wind,  which 
had  been  rather  sluggish  for  an  honr  or  more,  suddenly  increased  in 
velocity  until  at  10.60  p.  m.  it  traveled  at  a  velocity  of  40  miles  an  hour 
for  a  short  time.  At  11.40  p.  m.  it  again  died  down  to  10  miles  per 
honr.  At  about  10.36  p.  m.,  also,  the  barometer  began  rising  rapidly  and 
passed  from  30.03  to  30.13,  reaching  the  latter  point  at  11.12  p.  m.  It 
then  made  a  sharp  turn  and  descended  about  .05  inch  in  the  next  hour. 
The  sharp  Hall  In  the  thermometer,  the  jump  in  the  barometer,  and  the 
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fresbeuing  of  the  wiod  are  all  familiar  accotnpaaiment))  of  a  tbaader- 
gtomi.  On  taroiDg  to  the  daily  journal  of  the  observer  we  find  the 
following  record,  where  the  hoars  have  been  changed  to  local  time: 
"A  tbnnderstorm  began  at  10.35  p.  m.,  ended  at  11.53  a.  m.** 
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Fio.  7. 

Tbe  tbunderstorm  followed  by  a  toruadic  atorm  of  Jaly  25  was 
accompanied  by  a  similar  fall  of  temperatore.  In  this  case  it  fell  from 
113°.0  at  7.53  p.  m.  to  92° .4  at  8.10  p.  m.,  or  20°.6  in  17  minntes.  It 
rose  again,  reaching  99^.2  at  8.33,  when  it  fell  again  to  92'^ .5,  reacLing 
that  point  at  9  p.  m.,  local  time.  According  to  the  journal  the  violent 
wind  came  on  at  the  very  moment  the  sndden  fall  began,  and  the 
mazimam  velocity  was  at  8.08,  or  only  two  minutes  before  the  end  of 
this  fall.    The  velocity  in  this  case  reached  60  miles. 

The  barographic  curve  gave  a  tremendous,  but  not  ho  rapid,  leap, 
quite  unparalleled  in  magnitude  in  this  record.  It  was  gradually  rising, 
when  at  7  p.  ta.  it  began  to  rise  rapidly  from  29.90.  At  9.13  it  had 
reached  30.17,  and  by  11  p.  m.  it  attained  its  maximum  of  30.20.    From 
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this  point  it  fell  slowly  for  the  next  twelve  hours.  In  at>out  two  hours 
the  mercary  rose  over  a  qaarter  of  an  inch  I 

Iq  general  the  barographio  carve  is  very  smooth.  The  thander- 
Btorms  are  asaally  accompanied  by  a  sadden  jump,  and  the  pressure 
remains  slightly  higher  afterwards.  Occasionally  these  jamps  occur 
without  auy  record  of  thander,  lightning,  or  rain  by  the  observer.  In 
general,  considerable  disturbances,  relatively,  may  be  shown  on  one 
instrument  without  appearing  on  the  others,  or  being  accompanied  by 
phenomena  which  attracted  the  attention  of  the  observer. 

HOUBLT  WIMD  VELOCITIES. 

Table  Til  gives  the  average  hourly  wind  velocities.    They  are  in 
hours  of  the  75th  meddian  time;  to  reduce  them  to  local  time,  2  hrs. 
47  min.  must  be  subtracted  fVom  the  hours  in  column  one. 
The  progress  of  the  velocities  through  the  hours  of  the  day  is  shown 
1  in  the  curve  (Fig.  8)  accompanying, 
.  plotted  on  the  local  hours.    It  pre- 
sents several  features  of  interest. 
In  the  first  place  the  minimum  at 
'  about  sunrise  is  more  marked  than 
;  usual.    Generally  the  velocities   are 

-  approximately  equal  in  the  hours  after 

-  midnight,  and  it  is  not  easy  to  fix  the 
!  time  of  Diimmnni.  In  this  case  the 
I  velocities  decrease  steadily  and  al- 
:  most  nniformly  from  the  maximnin  to 
\  the  minimum,  a  period  of  12  hours. 

-'     The  principal  maximum  falls  toward 
Fio.  8.  sunset.    This  is  much  later  than  is 

usual.  Over  the  United  States  generally  the  local  time  of  maxi- 
mum wind  velocity  is  2  p.  m.  Along  the  coasts,  both  Atlantic  and 
Pacific,  it  falls  later,  reaching  at  the  two  diagonal  regions  (Washing- 
ton and  Oregon  and  the  south  Atlantic  coast)  an  hour  as  late  as  4  p. 
m.  The  arid  region  of  the  Southwest,  from  Denver  southward  and 
westward,  also  shows  a  disposition  to  delay  the  principal  maximum, 
bnt  in  no  case  of  the  regular  stations  is  it  later  than  4  p.  m.  In  the 
case  of  Death  Valley  this  is  deferred  until  5  p.  m. 

This  retardation  of  the  principal  maximum  is  probably  associated 
with  another  remarkable  feature,  and  that  is  the  secondary'  minimum 
at  noon,  which  is  plainly  marked  in  the  curve.  This  is  an  unusual 
phenomenon  at  the  regular  stations  of  the  United  States.  At  no  other 
station  is  it  so  marked,  though  at  half  a  dozen  the  velocity  does  not 
increase  as  rapidly  at  about,  or  soon  after,  noon  as  before  or  after  this 
time,  and  in  the  summer  months  an  actual  minimum  may  be  found. 
Among  these  stations  are  Memphis,  Abilene,  Palestine,  Galveston, 
Yuma,  and  Bed  Blaff.    At  Death  Valley  this  minimum  is  strongly 
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marked,  and  it  is  uot  dne  to  individnal  storms,  monitDg  and  evening, 
bnt  appears  iu  each  individual  month,  though  it  is  atroogest  in  Jane. 
This  peculiarity  may  be  due  to  the  ascensional  currents,  which  change 
at  least  some  of  the  horizontal  into  vertical  motion  and  which  most 
form  in  this  deep  and  bare  valley.  Such  carrents  most  be  nnnsnally 
strong,  and  the  numerous  cumuli  and  thunderstorms  are  caused  by 
them.  They  should  be  most  marked  at  the  time  of  greatest  heat 
(about  3  p.  m.),  bnt  their  greatest  effect  in  dampeniog  horizontal  cnr- 
reuta  would  be  earlier,  both  because  when  ouce  well  started  they 
would  develop  horizontal  currents  of  their  own,  and  because  when 
well  established  they  would  cloud  the  valley  and  accelerate  the  beat 
maximum.  Probably,  if  there  were  no  ascensional  carrents  in  the 
valley,  or  if  the  valley  were  covered  with  dense  vegetation  so  as  to 
temper  the  heat,  the  curve  of  wiod  velocities  would  be  as  symmetrical 
here  as  is  usual  elsewhere,  and  the  maximum  would  fall  at  3  or  4  p.  m. 
The  establishmeot  of  the  asceosional  currents  obliterates  this  maxi- 
mum, bnt  permits  of  one  near  sunset  aud  another  secondary  at  about 
S  a.  m.  If  such  is  the  case  the  peculiarities  of  the  curve  to  which 
reference  has  been  made  can  all  be  traced  to  the  character  of  the 
valley  itself,  and  should  be  found  in  other  deep,  narrow  valleys 
between  bare  and  steep  slopes. 

HOURLT  TBUPBBATUBBS. 

The  average  hourly  temperatures  are  given  in  Table  YIII.    The  curve 
is  coDStmcted  on  the  local  hours.    The  minimum  falls  at  about  6  a.  m., 
~  ornearthetimeofaunriBc.    Tbecurve 
_  rises  steadily  and  rapidly  to  a  maxi- 
mum at  about  3  p.  m.    It  then  falls 
as  steadily  to  the  minimum.     The 
E  steady  fall  of  the  temperature  during 
E  the  night,  hke  that  of  the  wiod  veloci- 
E  ties,  is  remarkable  and  must  be  due  to 
E  the  continued  radiation  to  a  clear  sky 
F  from  bare  rook  and  sand  aud  to  the 
t  low  relative  humidity  and  dew-poiot. 
F  Dew  does  not  form  and  the  checking 
p  of  the  fall  in  temperature  by  the  heat 
.     given  out  in  the  condensation  of  water 
F"»-  8-  does  not  occur.     Eight  of  the  hours 

(from  11  a.  m.  to  6  p.  m.,  inclusive)  have  temperatures  steadily  above 
100°  F.,  and  the  mean  maximum  is  106° .6.  In  only  four  of  the  hoars 
does  the  mean  temperature  stand  below  86°. 

HOUBLT    PBESSUBES. 

Tfc«  average  hourly  atmospheric  pressures  are  given  in  Table  IX.    The 
curve  correspondiog  to  this  table  has  been  constructed  on  local  honis. 
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It  is  a  remarkable  carve  for  diurnal  pressure,  in  that  the  range  is  very 

great  and  there  is  only  a  single  and 

well-marked  maximum  and  minimum. 

It  bears  a  strong  resemblance  to  the 

temperature  curve  reversed,  except 

that  its  maximum  is  three  hours  later 

than  the  minimum  temperatures  and 

its  minimum  two  hours  later  than  the 

maximum  of  temperatures.  Fig.  10. 

This  at  once  suggests  that  this  peculiar  curve  may  be  an  illusory 
one,  due  not  to  the  actual  changes  of  daily  pressure,  but  to  some  imper- 
fection of  the  instrument  whereby  it  described  not  a  pressure  curve, 
but  a  temperature  one.  The  recording  instrument  was  set  with  the 
mercurial  barometer,  corrected  for  temperature,  at  midnight  April  30, 
when  the  observations  began,  and  was  compared  twice  daily  (at  the 
regular  hours  of  observation).  The  readings  show  that  it  ran  very 
evenly  with  the  mercurial  ones.  As  it  happens,  one  of  these  readings 
was  near  the  time  of  daily  minimum  of  temperature  (5.13  a.  m.),  while 
the  other  was  near  the  maximum  (5.13  p.  m.).  A  systematic  error  in 
the  barograph,  due  to  over-compensation,  is  much  less  probable  when 
the  observations  are  checked  at  these  hours  than  it  would  be  at  any 
others.  But  the  best  reason  for  thinking  that  this  remarkable  curve 
represents  the  actual  change  in  pressure  is  to  be  found  in  the  fact  that 
similar  curves  have  been  obtained  elsewhere. 

The  ordinary  curve  of  daily  pressure  has  two  maxima  and  two 
minima  which  are  fairly  constant  in  time  of  occurrence,  but  very 
various  in  relative  size.  In  the  curve  for  Death  Valley  one  of  these 
has  apparently  disappeared,  leaving  a  one-maximum  curve  instead  of 
a  two-maximum  one.  This  seems  to  be  the  most  striking  example  of 
this  character  which  has  yet  been  published,  but  it  is  not  unique.  It 
is  a  summer  form,  and  belongs  to  the  interior  of  great  continents, 
especially  to  those  stations  which  are  both  hot  and  dry.  On  the  North 
American  continent  it  is  found  from  the  Sierra  Nevada  and  Cascades 
to  the  eastern  slope  of  the  Bocky  Mountains  and  from  the  Mexican 
boundary  to  Fort  Rae  on  Great  Slave  Lake.  It  probably  extends  into 
Mexico,  but  does  not  reach  the  city  of  Mexico,  as  the  double  maximum 
type  is  well  marked  there.  It  is  also  found  on  the  Old  Continent  from 
Leh  in  Cashmere  and  Nertchinsk  to  Klagenfurth  and  Bucharest. 

The  use  of  the  harmonic  analysis  in  the  study  of  the  diurnal  curve 
has  showu  the  cause  of  its  numerous  variations.  It  appears  that  the 
actual  curve  is  the  resultant  of  the  interference  of  at  least  two  dis- 
tinct Deriodic  motions,  one  with  a  period  of  12  hours,  and  the  other 

'  of  24. 
•  semi-diurnal,  is  the  one  commonly  recognized.      It  is 
lar  and  the  most  general.      Its  amplitudes  are  greatest 
r  and  decrease  with  increase  of  latitude  until  they  disap- 
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pear  in  high  latitades.  The  phases  come  on  with  great  regularity  in 
the  local  hoars.  It  is  a  phenomenon  of  a  general  character  and  is 
often  considered  tidal. 

The  second,  or  diurnal  curve,  is  less  generally  recognized,  and  the 
credit  of  having  brought  its  distinctive  features  into  plain  view  be- 
longs to  Doctor  Hann.*  It  is  nearly  independent  of  latitude  and  alti- 
tude, but  very  sensitive  to  local  conditions.  The  time  of  maximum  is 
curiously  Constant.  Out  of  85  cases,  scattered  all  over  the  world,  in 
35  the  maximum  fell  between  4  a.  m.  and  6  a.  m.,  and  in  26  others  it 
fell  between  6  a.  m.  and  8  a.  m.  In  71  per  cent,  of  all  cases  in  which  it 
appeared,  and  in  all  the  remarkable  cases,  the  maximum  was  between 
4  a.  m.  and  8  a.  m.  In  many  of  the  others  the  smallness  of  the  am^rfitude 
probably  prevented  exactness  in  the  determination  of  the  maximum. 

The  amplitude,  or  half-range,  of  this  curve  is  very  various.  It  is 
smallest  at  coast  stations  in  high  latitudes  where  the  coasts  are  flat. 
In  lower  latitudes  the  coast  stations  have  larger  amplitudes,  and  it  is 
appreciable  even  on  the  open  sea.  It  is,  however,  greatest  in  valleys 
between  mountains. 

The  station  at  Furnace  Greek  was  in  a  valley  of  this  sort,  and  the 
harmonic  analysis,  when  applied  to  its  records,  shows  that  there  is 
here  a  very  clear  and  noteworthy  case  of  a  one-maximum  curve  of  daily 
pressure.  The  resulting  amplitude  is  0.082  inch  (or  range  of  0.164 
inch).  This  amplitude  is  2.1  millimetres,  and  it  is  worthy  of  note  that 
the  largest  amplitude  for  these  curves  found  by  Dr.  Hann  was  barely 
one  millimetre,  or  less  than  half  that  of  the  curve  in  Death  Valley. 
The  latter  was  found  at  Cordoba,  Argentina.  The  largest  amplitudes 
given  by  Dr.  Hann  can  be  compared  with  that  at  Furnace  Greek  in 
the  following  statement,  to  which  are  added  Yuma  and  Boston  for 
comparison. 

Amplitudes  of  single-maximum  curves. 

Inch. 

Death  Valley  (May-September,  1891) 0.082 

Yuma  (May-September,  1891) 0.046 

Cordoba  (5  years) 0.089 

Bozen,  Tyrol  (2  years) 0.087 

Yarkand  (9  months) 0.086 

Leh  (short  series) 0.034 

Angola  (2  months) 0.034 

Mexico  (8  years) 0.030 

Boston  (May-September,  1891) 0.017 

The  amplitude  of  the  one-maximum  curve  is  apparently  larger  in 
summer  than  in  winter,  and  hence,  if  deduced  for  a  year,  those  for 
Death  Valley,  Mexico,  and  Boston,  as  given  above,  would  be  somewhat 
decreased. 

The  local  time  of  this  maximum  at  Furnace  Greek,  as  given  by  the 

analysis,  was  6.05  a.  m.    At  Yuma  it  was  5.15  a.  m. 

I « 

*  "  Untersuchungen  liber  die  tiigUche  Oscillation  des  Barometers,"  1889,  pp.  13-16. 
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The  semi-diorDal  period  is  not  easy  to  trace  in  the  curve  from  the 
average  of  the  observations,  yet  it  can  occnsionally  be  detected  on  the 
barographic  sheets.  The  analysis  shows  it  distinctly  and  gives  it  an 
amplitude  of  0.025  inch.  The  amplitude  for  the  same  months  for  Yuma 
was  0.023  inch,  for  San  Diego,  0.015,  and  for  Boston,  0.016.  It  is  in- 
teresting to  note  that  the  amplitude  for  the  one-maximum  curve  at 
San  Diego  for  these  months  was  only  0.001  inch. 

VI.— CONCLUSIONS. 

The  principal  features  of  popular  interest  in  Death  Valley  are  its 
excessive  heat  and  dryness.  The  temperature  rises  occasionally  in 
the  shade  to  122^;  rarely  falls  at  any  time  in  the  5  hot  months  below 
70®;  and  averages  94®.  It  is  not  only  hot  in  summer  but  consistently 
hot,  and  the  heat  is  increased  by  occasional  hot  blasts  from  the  desert 
to  the  south.  The  air  is  not  stagnant  but  in  unusually  active  motion. 
Oales  of  a  few  hours  duration  are  very  common,  and  sometimes  they 
produce  sand  whirls  and  sand  storms.  The  heat  and  movement  of  the 
air  together  make  this  a  very  dry — an  arid  place — and  this  aridity  in 
summer  is  almost  as  consistent  as  the  heat.  Bains  may  fall  frequently 
in  the  mountains  and  occasionally  in  the  valley,  clouds  are  by  no 
means  lacking,  and  water  can  probably  always  be  found  B>t  the  depth 
of  a  few  feet  in  the  soil,  yet  the  heat  and  wind  together  keep  the  sur- 
face very  dry  and  the  relative  humidity  low.  Animal  and  plant  forms 
are  comparatively  few.  and  the  former  are  usually  nocturnal  to  avoid 
the  heat. 

Both  heat  and  aridity  are  increased  by  the  character  of  the  valley. 
It  is  narrow  and  deep,  apparently  the  bed  of  an  old  sea,  inclosed  by 
high  and  bare  mountains.  The  white  and  shifting  sands  become  much 
heated  under  the  noonday  sun ;  the  rest  of  the  surface  is  in  part  salt 
and  alkali,  in  part  pebbly  wash  from  the  mountains,  in  part  a  loose, 
spongy  earth,  over  which  it  is  difficult  to  move.  With  the  exception 
of  a  few  springs,  the  water  is  bitter  and  unwholesome. 

The  effects  of  the  extreme  heat  and  aridity  actually  recorded,  under 
conditions  which  afford  full  grounds  for  confidence,  must  be  very 
serious,  but  tradition  and  common  report  add  to  these  terrors  others 
which  are  possible  enough  to  deserve  quotation.*  It  is  said  that  the 
thermometer  in  the  shade  has  sometimes  reached  130®,  and  once 
touched  137®.  Men  exposed  to  the  sun's  rays  in  summer  are  said  to 
be  not  infrequently  driven  insane,  and  the  story  is  told  of  one  man 
driving  in  on  a  load  of  borax  who  died  suddenly  with  the  water  can- 
teen in  his  hand.  Meat  slaughtered  at  night  and  cooked  is  spoiled 
the  next  morning;  cut  thin  and  dipped  in  brine  it  cures  in  the  sun  in 
an  hour.  A  writing  desk  curled,  split,  and  fell  to  pieces.  Tables 
warp  into  curious  shapes ;  chairs  fall  apart;  water  barrels,  incautiously 

*  These  statements  are  for  the  most  part  from  a  long  and  interesting  illustrated  article 
in  the  New  York  Sun  for  February  21,  1892,  signed  by  John  R.  Spears. 
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left  empty,  soon  lose  their  hoops.  Bat  the  most  terrify iDg  aspect 
of  nature  in  the  valley  is  reported  in  the  cloudbursts — a  striking  aud 
not  infrequent  phenomenon  over  the  dry  Southwest,  for  which  the 
conditions  here  are  especially  favorable.  They  are  small  and  concen- 
trated storms  of  the  utmost  fury,  which  gather  suddenly  about  the 
mountains  in  the  hottest  weather.  An  ominous  cloud  forms  with 
great  speed,  grows  black  and  full  of  lightning,  sags  down  to  the 
mountains  and  releases  a  flood  of  water.  The  tales  of  the  height  of 
the  resulting  wave  of  water  which  comes  down  the  cafion  are  so  mar- 
velous that  they  border  on  the  mythical  and  need  not  be  quoted. 

The  meteorological  features  of  interest  lie  for  the  most  part  in  those 
modifications  of  diurnal  changes  which  are  due  to  the  topography. 
The  range  of  temperature  is  unusually  great;  the  hourly  progress  of 
the  winds  show  curious  changes  in  speed,  in  direction,  and  in  tempera- 
ture. The  diurnal  change  in  the  barometer  is  the  most  characteristic 
of  the  form  found  in  continental  valleys.  It  is  of  the  purest  single- 
maximum  type  and  has  the  largest  amplitude  known.  With  these 
features  go  those  sharp  thunderstorms  limited  to  certain  hours  of  the 
day,  and  daily  gales  and  hot  blasts. 

It  is  also  noteworthy  that  the  absolute  humidity  here  is  fairly  con- 
stant and  is  that  belonging  to  that  part  of  the  world.  The  air  in  the 
valley  is  part  of  the  general  aei*ial  ocean  and  this  shows  no  sharp  con- 
trasts in  its  moisture  contents,  except  where  wind  prevails  across  a 
mountain  ridge.  Here  the  prevailing  winds  are  up  and  down  the 
valley  and  its  relative  aridity  is  due  to  its  higher  temperature. 

A  few  words  may  be  given  to  the  winter  climate,  concerning  which 
there  are  no  recorded  observations.  The  physical  conditions  of  the 
valley,  however,  supported  by  the  statements  of  those  who  have  pros- 
pected there  in  the  winter,  and  of  those  who  have  resided  there  in  con- 
nection with  borax  works,  enables  us  to  reach  a  fair  idea  of  this  season. 
For  five  years,  beginning  in  1883,  about  40  men  were  employed  there. 
The  season  began  with  September  and  ended  in  June.  By  them  the 
climate  was  considered  healthy.  Ducks  and  other  migrating  birds, 
jack  rabbits,  and  cottontails  were  reported  as  abundant,  and  the 
neighboring  Piutes  extended  their  migrations  into  the  valley.  Snow- 
falls occurred  on  the  mountains,  sometimes  to  the  depth  of  several 
feet.  Ice  forms  in,  and  extreme  cold  has  been  reported  from,  the 
neighboring,  but  higher,  valleys.  In  fact  the  relatively  clear  sky  and 
bare  soil  make  this  region  a  favorable  spot  for  the  fall  of  winter  tem- 
peratures. At  Yuma  the  lowest  temperature  often  reaches  27^,  and 
once  descended  to  22^.5. 

In  short,  following  the  year  through,  and  accepting  the  guidance 
of  the  observations,  of  the  physical,  conditions,  and  of  the  reports  of 
those  who  have  lived  there,  it  is  safe  to  conclude  that  the  winter  must 
be  cool  and  salubrious,  with  an  inch  or  two  of  rain.  The  early  spring 
and  late  autumn  must  be  of  moderate  temperature,  with  clear  delight- 
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fal  air  and  little  rain;  the  autumn  very  dry;  the  summer,  with  May 
and  September,  as  we  know,  hot  and  arid.  While  the  diurnal  changes 
are  great,  the  annual  must  be  very  mnch  greater.  The  winter  mean 
temperature  may  be  between  35^  and  40°,  and  that  of  the  year  58°  or 
60°. 
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Table  III. — Rdative  humiditv  at  Furnace  Chreeky  Death  Valley ^  Col.,  atSa,m.  and  8 
p.  m.,  7bth  meridian  time,  from  May  1  to  September  80,  1891. 


Day  of  month. 


I . 
a 

3 

4 

5 
6 


i: 

9- 

ID. 

11  . 

12  . 

>3- 
X4< 

19 

ao 
ai 

aa 

n 

as 

39 
30 
3' 


Arerage. 


May. 


8  a.m. 


iV.ccfrf. 

33 

38 
25 
23 
17 

9 
31 
38 
30 

33 
30 

32 
41 
S3 
57 
40 

29 
24 
34 

ii 
58 
36 

23 
30 
24 

30 
20 


8  p.m. 


xV.  CGKt. 

7 
9 

13 

13 
II 

9 

13 
14 
13 
13 
17 
18 

48 

32 

23 

14 
ID 

II 


55 

3 
I 


I 


34 


3 
31 

15 
14 

31 

14 
13 
14 
30 

24 

39 
14 

18 


Jane. 


8  a.m. 


Pt.etnL 
45 
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34 

32 
36 
38 
20 
18 
23 

39 
34 
32 

47 
33 
36 
28 
22 

^ 
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16 

18 
22 
22 
21 
29 
16 
18 


July. 


8  p.  m. ,  8  a.m. 


Ft. cent. 


^ 


ic 

15 
13 
14 
II 
12 
II 
18 
18 
22 
18 
19 
14 
10 

H 

12 

10 

8 

II 
10 
10 
16 

13 
10 

II 

9 

12 


14 


Pr.ctmt, 

28 

x8 

24 

23 

19 
20 

23 
27 

31 
18 

30 
28 
22 
16 
22 
16 
20 
16 

13 
20 

32 

23 

34 
51 

% 

40 
20 
38 

27 


8  p.m. 


Pr.emt. 
10 

13 

9 
14 

13 

9 

9 
13 
13 
15 
16    . 

13 
II 
13 
XO 
10 
10 

13 
10 

6 

10 

13 
14 
13 
13 

31 
33 
33 
18 


Augast. 


September. 


I 
8  a.m.    8  p.m. 


13 


Pr^ctnt, 

31 

38 
33 
18 
16 
16 
18 
30 
30 

38 

40 

38 

31 

47 


29 


Ft. cent, 
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7 
10 

6 

5 

'I 
8 

13 

n 
16 

18 

22 

19 
21 

29 
29 

22 

10 
12 
II 
II 

8 

II 

8 

7 
8 

'3 

14 
12 

12 

13 


8  a.m. 


Pr,  cent, 


8  p.m. 


Pr.cent. 


26 

12 

32 

16 

30 

17 

29 

21 

fi 

46 
38 

64 

23 

41 

24 

40 

18 

31 

It 

31 

30 

12 

20 

iS 

22 

19 

22 

42 

22 

34 

21 

43 

17 

30 

17 

28 

H 

33 

20 

37 

22 

36 

21 

28 

17 

.^ 

16 
18 

45 

16 

31 

31 

31 

36 

22 

ao 

34 

20 

NoTK.— The  Talaee  given  above  were  obtained  by  the  use  of  the  whirled  psychrometer  in  a  "  sod  " 
shelter,  5  feet  above  groand ;  thermometers  6  feet  above  groand. 
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Table  VI. — Five-day  means  of  presaurCj  temperature,  and  wind  ai  Fumade  Creek, 

Death  Valley,  Cat.,  from  May  1  to  September  30,  1891. 


Date. 


May  1-5 

May  6-10 

May  11-15 

May  16-20 

May  21-25 

May  26-10 

May  31-Jaue  4 

June  5-9 

Jane  10-14 

Jnne  15-19 

Jone  ao-24 

Jane  25-29 

Jane3p-July4 

•Ja!y5-9 

Jnly  10-14 

July  15-19 

Jaly  30-X4 

Jaly  25-29 

Joly  3o-Augai>t  3 

Augaat  4-8 

Aagast  9-1 3 

Aagasi  14-18 

Angiist  19-23 

Aagast  24-28 

Aagasi  29-Septeinher  2 

September  3-7 

September  8-12 

September  13-17 

September  18-22 

September  23-27 

September  28-30 

Ayerages 


m> 

^ 

*-- . 

a^ 

£ 

E  ^ 

a 

s 

mpe 
egre 

u 

a>^ 

a* 

H 

Inches. 

0 

29.94 

89.9 

30.00 

86.0 

30.03 
29.96 

82.5 

88.3 

30.09 

80.0 

29.97 

82.8 

29.98 

79-3 

29.87 
29.81 

ts.7 

39.88 

93-9 

29.86 

93-9 

^■n 

98.6 

106.5 

29.88 

98.1 

29.93 

96.7 

29.92 

105.9 

29.92 

107-5 

30.00 

98.4 

29.92 

103.3 

29.92 

97.0 

29.96 

102.5 

30.03 

95-1 

29.99 

100.4 

29.91 

105.2 

29.93 

103.7 
98.8 

30.05 

29.99 

96.7 

30.05 

30.01 

86.5 

30.14 

82.5 

29.86 

83.4 

29.96 

94.0 

^^ 

c 

9  b 

0 

ee  0^ 

.■^•5 

•sS 

5*3 

0 

^ 

£ 

Mile*. 

Inch. 

10.5 

"•3 

11.7 

9-7 

7.6 

0.14 

Relative 
humidity. 


00 


1  o. 

I   00 


6.4 
12.3 

12. 1 

II. 7 
12.2 

7-1 
6.8 

13-9 
8-9 

t:\ 

7-7 

8.4 

12.7 

12.2 

10.4 

6.0 

8.9 

II. o 

16.9 

12.3 

8.1 

II. 7 

9.9 


0.09 


0.37 


0.60 


0.20 


43 
34 
42 
32 

47 
36 

29 
22 

32 

23 

27 

19 
31 

49 
36 
18 

29 
51 
38 

30 
31 

47 
35 
27 
34 
34 
28 

30 


10 

13 
38 
16 

19 
33 
30 

13 
17 
14 
10 
12 
II 
II 

13 
II 

II 
19 

8 

7 

17 

24 

10 

9 

13 

29 

17 

19 
18 

18 

36 

x6 


Table  VII. — Average  hourly  wind  movement  at  Furnace  Creek,  Death  Valley,  Cal., 

from  May  1  to  September  80,  1891. 


Hoars  ending— 


75M  meiidian  thne. 

Midnight 

I  a.  ni 

3a.  m 

3«-ni 

4a.  m 

5».in 

6a.  m 

7a.  m 

8a.  m 

9a.  m 

10  a.  m 

It  a.  m 

NooD 

I  p.  m 

3  p.  m 

3P-  °» 

4P-n» 

5P-ro 

6p.  m 

7P.m 

8  p.  m 

9p.ro 

10  p.  m 

II  p  m 

Average 


^ 

S 


Miles. 

10.3 

9-3 

7.7 

7.6 

7-5 
7-4 
7.0 
6.6 
6.2 
7.0 
8.6 

Q.8 

9.1 

8.9 

10.  o 

II. 4 

13.9 

13-5 
13.0 

13.3 
13.3 
12.9 
II. 9 
10.8 

9.8 


• 

• 

c 

9 

S 

"-S 

•-> 

MUes. 

Milea. 

12.3 

12.0 

9.4 

10.8 

9.8 

II. 0 

10. 0 

10.3 

10.6 

9-7 

10.6 

9.1 

It 

7-7 

6.2 

8.2 
9.2 

u 

10.7 

S*5 

II. 9 

8.3 

10.2 

7.4 

8.0 

6.6 

9-2 

7.0 

9.8 

7-9 

10.4 

9.1 

10.5 

9-3 

II. I 

10. 0 

I2.0 

10.9 

12.7 

II. 9 

12.2 

12. 1 

12.2 

12.3 

15.7 

"•3 

10.5 

9.1 

• 

a 

i; 

5-2 

■s 

B 

Aagu 

5 

Miles. 

3rile8. 

MUes. 

10.6 

12.9 

II. 6 

9-7 

II. I 

10. 1 

9-5 

II. 0 

9.8 

9.4 

10.6 

9.6 

9.1 

u 

9.4 

7-1 

8.6 

6.1 

8.7 

7.8 

5-4 

J:? 

u 

7.8 

el 
6.7 

6.2 

8.2 

8.0 

7-7 

9.1 

9.4 

7-5 

9.4 

f-7 

7-4 

9.1 

8.0 

7.2 

10.4 

8.8 

8.0 

"•3 

9-7 

9.4 

13.3 

II. 0 

10.8 

13-8 

II. 6 

"•3 

14.6 

12.0 

12.5 
13.5 

lU 

12.6 
13.4 

1       12-3 

14.9 

12.9 

!      II. 2 

13-7 

".3 

10.8 

12.5 

II. 8 

8.9 

II. I 

9.9 
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Table  VIII. — Averagt  hourly  temperature  cU  Furnace  Creek^  Death  VaUey,  Cal.<,from 

May  1  to  September  80,  1891. 


Hoars  ending- 


Midnight 

I  a.  m.... 
a  a.  m  . . . . 

3  a.  m  — 

4  a.  m  . . . . 

5  a.  m  — 
6a.  m  — 

7  a.  m 

8  a.  m  . . . . 

9  a.  m  . . . . 

10  a.  m  . . . 

II  a.  m ... 
Noon 

1  p.  m.  .. 

2  p.  m.... 
3p.m.... 
4p.m.... 
sp.m.... 

6  p.  m . . . . 
7p.m.... 
8p.  m.... 
9  p.  m.... 
10 p.  m... 

11  p.  m... 


j^th  meridian  time. 


a 
a 


Average 
Range  .. 


84-7 
21.9 


93.1 
23- 3 


0 


<      -J 

(0 

0 
< 


84.4 

90.9 

100.3 

82.5 

88.5 

97.8 

81.5 

86,5 

95-8 

79-3 

85-3 

94-4 

77.6 

84.2 

93-7 

76.3 

82.7 

92.0 

74-9 

81.3 
80.2 
81.0 

91. 1 

m 

90-0 
89.3 

75.2 

84.0 

92-5 

78.9 

87.5 

97.1 

83.1 

90.4 

100.5 

85.1 

93.6 

103.6 
106.3 

87.7 

95-4 

90.4 

97-4 

108.4 

92.5 

93-8 

99-4 

III.O 

101. 0 

112.6 

94.6 
94.9 

103.7 
103.4 
108.5 

1 13- 7 
113.9 

94.4 

113.6 

93-6 

103.4 

112. 1 

Qr.3 
88.9 

99-8 

109.5 

96.7 

105.9 

86.6 

93-9 

103.0 

103. 1 
24.6 


99-5 
97.6 

96-2 

94-5 
93.9 

01.3 

89.7 
87.6 

86.7 
89.6 
94.1 
98.3 
101.3 

104.7 
107.7 
1 10. 1 

III. 9 
113.0 
113.8 
113-6 
III. 4 
107.8 
104.2 
103. 1 

100.8 
27.1 


• 

L 

mbe 

V 

**  2 

•*• 

^ 

s 

0 

0 

88.9 

93.8 

88.7 

91.0 

893 

86.5 

84.9 

87.7 

83.6 

86.4 

82.5 

84.9 

80.9 

83.6 

m 

83.2 
81.9 

79-5 

84.3 

83.4 

88.2 

87- 5 

91.7 

91.0 

94-7 

9H 

97.6 

96.8 

100. 1 

98.9 

ios-4 

100.8 

104.0 

101.6 

105. 1 
106.6 

101.4 

100. 0 

105.0 

98.0 

103-5 
100.6 

94-7 

92- 5 

97.6 

90. 8 

95-3 

90.3 

32.2 


94.0 
23.6 


Table  IX. — Average  howrly  atmomheric  pressure  at  Furnace  Creek,  Death  Valley^ 

CaL.from  May  1  to  September  80,  1891. 


Honrs  ending— 


S 


75tA  meridian  time,                              .  Inches. 

Midnight |  29. 960 

ia.in 29.978 

2a,m 29.994 

3a.in 30-001 

4  a.  m 30. 006 

5  a.  m 30. 012 

6  a.  m ,30.025 

7a.  m I  30.033 

8  a.  m I  30. 053 

9  a.  m 30.068 

I  o  a.  m !  ^o.  078 

II  a.  m '30.079 

Noon 30.070 

1  p. 

2  p. 

3P- 
4P- 

P- 

P- 
7P- 

8  p. 

9  p. 

10  p 


m ,30.057 

m 30. 038 

m !  30.006 

m :  29.982 

m I  29.956 

29-933 

u:m 

29.906 
29.931 
II  p.  m 29.941 


I 


m.. 
m.. 
m., 
m.. 
.  m, 


Average  daily 29. 996 

Daily  range |    o.  174 


s 
9 


Inches. 
29.847 
29.861 

29-875 
29.884 

29-895 
29.905 

29-915 
29.930 

29-951 
29.969 
29.981 
29.984 
29.972 

29-957 
29-939 
29-915 

29.886 
29-856 
29-831 
29.808 

39.806 

29.825 


3 


Inches. 

29.889 
29.906 

29-924 
29.928 
29.936 
29.942 
29.952 
29.9&7 
29.972 


30.00^ 
30.004 

29-993 
29.979 

29-963 
29-931 
29.902 

29.868 
29.842 
29.818 
29.813 
29.819 

29-833 
29.861 


29.891  !  29.918 

o.  1S7  I  o.  191 


OB 

I 

< 


Inches. 
29.926 
29.938 
29.951 
29.960 
29.968 
29-977 
29-987 
29-994 
30. 01 1 
30.035 
30.050 
30.064 
30.047 
30.033 
30.006 
29.982 

29-948 
29.914 
29.885 
29.868 
29.862 
29.864 
29.876 
29-903 

29.960 
0.192 


6 

■*» 
0. 
0; 
OD 


Inches. 

29-993 
30.005 

30-0.5 
30.020 

30. 038 
30-035 
30. 038 
30.048 
30.064 
30.086 

30-104 
30.  tcS, 

^0.109 
30.090 
30.059 
30.027 
29.991 
29.960 
29-937 

^:^ 

29.936 

29-957 
29-982 

30.019 
0.185 


I  s 


Inchf*. 
29.923 
29.938 
29.952 

29-959 
29.967 

29.974 

29.983 

29-994 
30. 010 
30.030 

ioioti 

30.038 
30.023 

30.001 

29.972 
29.942 

29.911 

28.886 

S.867 
.860 
29-864 

29-879 
29.902 


29-957 
0-186 
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Table  VIII. — Average  hourly  temperature  at  Furnace  Creek,  Death  Valley ,  CcbL^from 

May  1  to  September  30,  1891. 


Hours  ending— 


7StA  meridian  time. 
Midnight 

1  a.  m 

2  A.  Tn 

3  a.  m 

4  a.  m 

5  a.  m 

6  a.  m 

7  a.  m 

8  a.  m 

9  a.  m 

10  a.  m 

11  a.  m 

Noon 

I  p.  m 

a  p.  m 

3P-"i 

4  p.  m 

5p.  m 

6  p.  m 

7Pm 

8p.  m 

9  p.  tn 

10  p.  m 

II  p.  m 

ATerage t 

Range  


a 
o 


o 

84.4 
Sa.5 
81.5 

79-3 
77-6 

76-3 
74-9 

75. 2 
78.9 
8a.  I 
85.1 

87.7 
90.4 
92.5 
93-8 

94-4 
93-6 
01.3 
88.9 
86.6 

84.7 
21.9 


90 
88 
86 

85 
84 
82 
81 
80 
81 

84 
87 

90 
92 
95 
97 

99 
loi 

loa 
103 
108 
102 

99 
96 
93 


9 

5 
5 

3 

2 

7 

■.i 

o 
.0 

5 

4 

.6 

4 
4 

4 
.0 

7 

4 
.5 

4 
.8 

7 
9 


9a.  I 
23«3 


100.3 

97.8 

95-8 
94.4 

93-7 
9a.  o 
91. 1 

?o.o 
9.3 

92-5 
97.1 
100.5 
103.6 
106.3 
108.4 

III.O 

112.6 

1 13- 7 
113.9 
113.6 
iia.  I 

109-5 
105.9 

103.0 

102. 1 
24.6 


CB 

a 
< 


99-5 
97.6 

96.  a 

94-5 
92.9 
91. a 

89.7 
87.6 

86.7 
89.6 
94.1 
98.3 
101.3 

104.7 
107.7 
no.  I 
III. 9 
1 13.0 
113.8 
1 13*  6 
III. 4 
107.8 
104.  a 

102.  I 

100.8 
27.1 


B 

a 

CO 


88.9 

88.7 
86.5 

84.9 
83.6 

82.5 

80.9 

^1 

79-5 

83-4 

87.5 
91.0 

93-7 
96.8 

98.9 
100.8 

101.5 
101.4 
100.0 
98.0 
94-7 
92-5 
90.8 

90.  a 
a2.2 


92.8 
91.0 

89-3 
87-7 
86.4 

84.9 
83.6 
82.2 
81.9 
84.2 
88.  a 
91.7 

94*7 
97.6 
100. 1 
102.4 
104.0 
105.1 
106.6 
105.0 
103.5 
100.6 
97.6 

95-3 

94.0 
a3.6 


Table  IX. — Average  hourly  atmomheric  pressure  at  Furnace  Creek,  Death  Valley, 

Cal.^from  May  1  to  September  80,  1891. 


Hours  ending— 


OS 

S 


75tA  meridian  time.  Inches. 

Midnight a9. 960 

I  a.  m 29.978 

a  a.  m 29.994 

3  a.  m 30. 001 

4  a.  m 30. 006 

5  a.  m 30. 012 

6  a.  m 30. 025 

7a.m I  30.033 

8  a.  m 30. 052 

9  a.  m I  30. 068 

10  a.  m ^o.  078 

II  a.  m I  30.079 

Noon I  30. 070 

I  p.  m ,  30'057 

in 30'038 

m I  30. 006 

m '  29.9S2 


2  p. 

3P- 

4  p. 

5  p. 

6  p. 

7P' 
8p.  m.. 

9  p.  m . . 

10  p.  m. 

11  p.  m. 


m. 
m. 
m. 


Average  daily. 
Daily  range.., 


29.956 
29- 933 

s:m 

29.906 
a9.9ai 
29.941 

29-996 
0.174 


a 
a 


Inches. 
29.847 
29.861 

29-875 
29.884 

29-895 

29-905 

29-915 
29.930 

29-951 
29.969 

29.981 
29.984 
29.972 

29-957 
29.939 

29-915 
29.886 
29-856 
29-831 
29.808 

Si?!? 
29.806 
29.825 


S3 


29 
O.I 


Inches. 
29.889 
29.906 
29. 924 
29.928 
29.936 
29.942 
29.952 
29.9^7 
29.972 

Mi 

30.004 

29- 993 
29.979 
29.963 

29-931 
29.902 

29.868 
29.842 
2Q.818 
29.813 
29.819 

29-833 
29.861 

29.918 
o.  191 


Inches. 
29.926 
29.938 

29-951 
29.960 

29.968 

29-977 
29.987 
29.994 
30.011 
30.035 
30.050 
30.064 
30.0d7 
30.033 
30.00& 
29.982 
29.948 
29.914 
29.885 
29.868 
29.862 
29.864 
29.876 
29-903 

29.960 
0.192 


Inefies.    Inches. 


29-993 
30.005 

30-0.5 
30. 020 
30.028 
30-035 
30-038 
30-048 
30-064 
30.066 
30.104 
30.108 
^0.109 
30.090 
30.059 
30.027 
29.991 
29.960 
29-937 

UM 

29.936 

29-957 
29.982 

30.019 
0.185 


29.923 
29.938 

29.952 

29-959 
29.967 

29-974 
29.983 

29-994 
30.010 
30.030 

io'.Vd 

30.038 
30-023 
30.001 

29.97a 
29.942 

29.911 

28.886 

a9.867 
29.860 
39.864 
29.879 
29.902 

29-957 
0.186 
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NOTES  ON  A  NEW  METHOD  FOR  THE  DISCUS- 
SION^ OF  MAGNETIC  OBSEKVATIONS. 


I.— INTRODUCTION. 

The  object  of  this  Balletin  is  to  describe  a  new  method  of  dealing 
with  the  observations  of  magnetic  observatories,  particularly  such  as 
use  photographic  traces  for  automatic  records.  In  seeking  to  extract 
the  meaning  from  these  curves,  for  the  development  of  certain  terms 
which  seem  to  occur  in  meteorology  and  in  other  branches  of  science, 
it  was  found  necessary  to  adopt  certain  principles  and  devices  which 
prove  to  have  a  practical  value. 

It  is  not  primarily  intended  in  this  paper  to  develop  in  a  complete 
form  any  of  the  conclusions  to  which  we  may  ultimately  come,  but  it 
has  been  found  simpler  to  employ  them  in  an  example  which  illus- 
trates the  analysis  of  the  observations.  Hence  the  reader  will  keep 
ia  mind  that  the  justification  of  any  apparently  unsupported  state- 
ments may  be  looked  for  in  other  publications  which  are  to  follow  this, 
and  in  such  papers  a  reference  will  be  made  to  this  Bulletin  for  an  ex- 
planation of  the  treatment  of  the  data.  It  will  be  seen  that,  inciden- 
tally, some  suggestions  have  been  made  regarding  certain  questions 
that  have  received  the  attention  of  magneticians. 

In  order  to  view  the  subject  in  its  proper  proportions  it  will  be 
oecessary  to  recall  the  main  st«ps  in  a  somewhat  extended  investiga- 
tion, of  which  this  forms  only  one  stage.  Broadly,  the  science  of  ter- 
restrial magnetism  divides  itself  into  two  parts,  the  first  being  con- 
cerned with  the  origin  and  conditions  of  the  so-called  permanent  mag- 
netism of  the  earth,  including  the  asymmetric  distributions  and  the 
secular  variations  of  the  same;  the  second  dealing  with  the  variations 
and  the  disturbances  of  the  magnetic  needle.  Our  own  work  has  been 
confined  almost  exclusively  to  the  second  portion  of  the  problem. 

There  are  well-known  mathematical  discussions  of  the  general  prob- 
lem which  conclude  that  the  larger  part  of  the  observed  terrestrial 
magnetic  field  must  be  derived  from  sources  within  the  surface  of  the 
earth,  while  a  small  part  comes  from  regions  outside  this  surface;  in 
a  word,  that  the  permanent  magnetism  originates  within,  and  the 
periodic  variations  without,  the  surface  of  the  earth.  The  question 
then  arises  regarding  the  variations,  whether  they  are  caused  by  cor- 
responding changes  in  the  physical  conditions  of  the  atmosphere,  or 
whether  they  are  produced  by  cosmical  influences  emanating  for  the 
most  part  from  the  sun  and  the  moon.  At  this  place  we  interpose  the 
remark,  that  the  position  is  regarded  as  proven  that  the  sun  and  the 
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moon  do  not  continaously  influence  the  terrestrial  field  by  direct  ac- 
tion as  magnets,  in  the  inverse  proportion  of  the  cube  of  the  dis- 
tances, such  action  being  without  doubt  inappreciable. 

There  have  been  two  general  lines  of  hypotheses  regarding  the  vari- 
jitions,  one  in  which  they  are  referred  to  atmospheric  fluctuations 
responding  to  the  astronomical  relations  existing  between  the  sun, 
moon,  and  earth;  the  other,  by  which  they  are  supposed  to  arise  from 
the  electro- magnetic  relations  between  the  earth  and  the  ether  in 
which  it  rotates. 

The  first  step  in  the  method  now  to  be  presented  was  a  discussion 
of  the  solar  corona,  deriving  the  material  from  the  photographs  of  the 
corona  during  the  eclipses  of  July  29, 1878,  January  1  and  December 
22, 1889,  these  being  the  only  ones  available,  so  far  as  known,  in  which 
the  filamentary  structure  of  the  rays  is  shown  with  sufficient  clearness 
to  admit  of  the  measures  that  are  required  to  illustrate  the  theory. 

A  preliminary  paper*  was  published  in  October,  1889,  wherein  was 
developed  the  mathematical  treatment  of  the  subject,  and  a  first  ap- 
proximation in  a  comparison  of  the  observations  with  the  theory  was 
appended,  the  theory  being  that  the  solar  corona  exhibits  the  action 
of  some  force  conforming  to  the  law  of  the  Newtonian  potential  in  the 
case  of  repulsion.  No  attempt  has  been  made  to  ascribe  this  force  to 
a  specific  physical  agency,  though  it  is  evident  that  it  resembles  closely 
the  action  of  electricity  and  magnetism.  This  view  was  further  de- 
veloped in  various  papers,'  with  the  following  special  results,  the 
localization  of  the  coronal  poles  upon  the  sun,  the  period  of  rotation 
of  the  same,  the  restriction  of  the  bases  of  the  visible  coronal  streamers 
to  a  narrow  belt  about  ten  degrees  in  width,  the  central  line  being 
about  thirty-four  degrees  from  the  coronal  poles. 

The  point  at  which  this  subject  touches  terrestrial  magnetism  con- 
sists in  the  recognition  of  the  fact  that  the  law  of  the  coronal  stream- 
ers is  such  that,  when  applied  to  the  whole  of  the  field  about  the  sun, 
there  must  be  some  invisible  stream  lines,  which  emanating  from  the 
polar  regions  of  the  sun,  after  sweeping  wide  through  space,  in  the 
region  of  the  orbit  of  the  earth,  are  at  right  angles  to  the  plane  of  the 
ecliptic.  For  lack  of  a  better  mode  to  express  our  conception,  we  may 
speak  of  the  ether  in  the  region  of  the  earth  as  strained  perpendicu- 
larly to  the  plane  of  the  ecliptic. 

Working  upon  this  fundamental  idea  that  the  ether  may  be  strained 
in  certain  directions,  in  response  to  directive  influences  emanating 

*  The  Solar  Corona,  Discussed  by  Spherical  Harmonics:  Smithsonian  Institution, 
Washington,  D.  C,  1889. 

*  Further  Study  of  the  Solar  Corona:  American  Journal  of  Science,  November,  1890. — 
The  Solar  Corona,  an  Instance  of  the  Newtonian  Potential  Function  in  the  case  of 
Repulsion:  American  Journal  of  Science,  July,  1891. — The  Law  of  the  Solar  Corona: 
Publications  of  the  Astronomical  Society  of  the  Pacific,  November  14,  1891. — The 
Rotation  Period  of  the  Sun  at  Latitude  85°. 5:  Publications  of  the  Astronomical 
*^ociety  of  the  Pacific,  November  16,  1891. 
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from  proper  sources,  we  proceeded  by  assaming  that  the  ether  in  the 
neighborhood  of  the  earth  was  actually  in  such  a  condition  of  strain 
in  three  directions  at  right  angles  to  each  other,  first,  radially  in  the 
direction  of  the  sun,  second,  perpendicular  to  the  ecliptic,  and  third, 
along  the  line  of  the  orbit;  the  final  justification  of  these  premises  to 
depend  upon  the  relation  they  bear  to  the  observed  quantities,  inas- 
much as  there  is  little  known  to  science  that  could  suggest  them  by 
the  d  priori  method. 

Some  of  the  logical  consequences  of  this  theory  were  developed  very 
briefly,  especially  in  their  application  to  terrestrial  magnetism,  in  two 
other  papers.'  It  is  one  of  the  purposes  of  this  paper  to  illustrate  the 
fact  that  we  possess  definite  evidence  of  the  existence  of  these  primary 
directed  influences  or  fields,  as  they  may  be  called.  They  are  named 
the  radiant  field,  the  coronal  field,  and  the  orbit  field. 

The  next  inquiry  was,  what  effect  has  the  atmosphere  and  the  rota- 
tion of  the  earth  npon  these  fields;  or,  how  do  these  uniform  fields 
act  in  the  region  of  the  earth,  considered  as  a  spherical  conductor, 
surrounded  by  a  concentric  spherical  conducting  shell  of  variable 
specific  conductivity  ?  If  the  earth  were  a  homogeneous  spherical 
conductor  placed  in  a  unitbrm  field  or  a  series  of  fields,  and  rotating 
while  being  translated  through  them,  the  problem,  though  complex,  is 
analytically  soluble;  but  the  conditions  not  being  simple  it  became 
of  prime  importaoce  to  discuss  the  modifications  of  the  simple  law 
introduced  by  the  ever  varying  state  of  the  atmosphere  considered  as 
a  conducting  medium.  Hence  the  question  had  to  be  settled  whether 
meteorology  has  anything  to  do  with  terrestrial  magnetism  or  not. 

As  regards  this  great  problem  to  which  we  have  drawn  attention, 
what  we  present  at  this  time  is  preliminary,  but  it  is  also  enough  to 
strengthen  the  main  lines  of  the  theory,  and  by  so  doing  promises 
much  encouragement  for  work  of  this  kind.  It  is  hoped  that  the  de- 
velopment of  the  case  will  not  lead  to  any  permanent  difiiculties  that 
cannot  be  overcome,  for  the  following  reason — in  a  final  analysis  it 
appears  that  all  these  phenomena  are  probably  to  be  referred  to  New- 
ton's law.  On  its  positive  side  this  gives  rise  to  gravitational  phe- 
nomena, and  on  its  negative  side  to  electrical  or  magnetic  phenomena. 
Since  the  elder  branch  of  the  science  has  been  so  faithful  to  the  facts 
of  nature,  we  may  expect  that  the  other  will  be  equally  comprehen- 
sive in  its  range  and  simplicity. 

II.— THE  DEFLECTING  FIELDS. 

The  guiding  idea  that  has  been  employed  in  the  investigation  is  as 
follows:  Surrounding  the  earth  at  any  instant  of  time  is  a  given  mag- 
netic field,  or  a  field  traversed  by  lines  of  magnetic  force,  which  dif- 

»  Bulletin  No.  18  of  the  U.  S.  Scientific  Expedition  to  West  Africa:  May  15,  1890.— 
Note  on  the  Caoses  of  the  Variations  of  the  Magnetic  Needle:  American  Journal  of 
Sdence,  September,  1891. 
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fers  from  some  primary  or  normal  field  by  certain  distortions.  Tbese 
changes  from  the  geometrical  type,  referred  to  the  suitable  ideal  prem- 
ises, are  produced  by  dellecting  forces  which  are  due  to  magnetic 
tensions.  It  classifies  the  conception  to  inquire  how  many  of  these 
deflecting  forces,  or  how  many  fields  of  deflection,  can  be  detected,  and 
when  we  speak  of  fields,  from  this  point  onward,  we  wish  to  be  under- 
stood as  meaning  the  directions  along  which  the  deflecting  forces  act, 
no  matter  to  what  causes  in  nature  they  are  to  be  ascribed. 

We  therefore  enumerate  the  following  deflecting  fields,  supposed  to 
be  known  as — 

I.  Distributing  the  magnetism  within  the  surface  of  the  earth : 

1.  The  field  perpendicular  to  the  ecliptic. 

2.  The  field  parallel  to  the  axis  of  rotation  of  the  earth. 

3.  The  asymmetric  fields,  due  to  the  water  and  land  areas  of  the 

crust  of  the  earth,  and  the  non-homogeneous  structure  of 
its  interior. 

II.  Periodically  disturbing  the  general  field  produced  by  those  just 
mentioned : 

4.  The  annual  deflection. 

5.  The  diurnal  deflection. 

6.  The  lunar  deflection. 

7.  The  solar  deflection. 

III.  Spasmodically  disturbing  the  field : 

8.  The  meteorological  disturbance. 

9.  Disturbances,  directed 

(a)  towards  the  sun; 

{h)  perpendicular  to  the  plane  of  the  ecliptic; 
{c)  along  the  orbit  of  the  earth;  all  directions  are  to  be 
taken  as  only  approximately  described. 

We  will  limit  the  scope  of  this  paper  to  the  deflections  4, 5, 8,  and  9. 

THE  ANNUAL   DEFLECTION. 

Since  the  earth,  according  to  our  view,  is  a  conductor  polarized  in 
certain  directions,  which  may  be  regarded  as  those  of  the  observed 
poles  of  permanent  magnetism  at  any  epoch,  and  is  placed  in  the 
above-mentioned  uniform  fields,  the  specific  angles  of  entry  and  de- 
parture of  the  lines  which  are  bent  from  the  direction  of  the  undis- 
turbed uniform  field  into  the  directions  induced  by  the  presence  of  a 
spherical  conductor  in  the  uniform  field  depend  upon  the  angle  exist- 
ing between  the  axis  of  polarization  and  the  axis  of  the  unifortn  field. 
Now,  by  the  annual  revolution  of  the  earth  about  the  sun  this  angle 
changes  in  the  period  of  a  year,  and  gives  rise  to  the  annual  deflect- 
ing field. 
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THE  DIUBNAL   DEFLECTION. 


Of  the  three  uniform  fields  at  right  angles  to  each  other,  the  radiant 
field  is  osaally  mach  stronger  than  the  others,  in  fact  always  so  except 
during  intervals  of  specific  disturbance.  This  field  is  actually  par- 
allel to  the  plane  of  the  ecliptic,  positive  in  the  direction  of  the  sun, 
bat  in  consequence  of  this  diurnal  rotation  of  the  earth,  in  accord- 
ance with  the  mathematical  principles  developed  (Bulletin  No.  18,  see 
note  '),  the  field  is  apparently  retarded  through  an  angle  depending 
upon  the  velocity  of  rotation  and  the  specific  conductivity  of  the  earth. 
This  angle  appears  conspicuously  in  our  results,  and  has  a  value  of 
about  tw^enty-three  degrees  for  the  northern  hemisphere.  Since  the 
magnetic  poles  of  the  earth  do  not  coincide  with  its  axis  of  rotation, 
the  angular  relations  of  the  conductor  as  polarized  are  continuously 
changing,  in  respect  to  the  field,  in  a  period  of  twenty- four  hours,  and 
this  causes  the  diurnal  deflection. 

At  this  stage  of  the  development  it  would  be  mere  speculation  to 
attempt  to  inquire  into  the  physical  relations  between  this  magnetic 
field  and  the  sun's  radiations.  That  there  is  such  a  connection  ap- 
pears to  be  substantiated  by  the  computations.  Electricity  and  mag- 
netism have  many  common  properties;  that  electricity  and  light  are 
intimately  associated  appears  also  to  be  the  outcome  of  scientific  dis- 
covery ;  and  now  we  have  the  third  bond  exhibited  between  magnet- 
ism and  solar  radiation.  Hence  it  will  not  be  going  too  far  to  pre- 
sume that  electricity,  magnetism,  and  light  are  all  manifestations  of 
the  activity  of  the  ether.  In  fact  all  space,  and  all  the  matter  in 
space,  seems  to  be  stressed  through  and  through  by  directed  influences, 
to  which  we  give  various  names  in  the  physical  sciences.  The  im- 
portance of  following  up  this  connection  between  magnetism  and  sun- 
light is  apparent. 

THE  MBTEOBOLOaiCAL  DISTURBANCES. 

It  was  seen,  early  in  our  study  of  the  curves  or  traces  produced  by 
the  magnetic  instruments,  that  an  elimination  of  the  annual,  the  diur- 
nal, and  also  the  disturbance  fields,  would  not  fully  account  for  the 
facts  that  were  therein  exhibited.  There  was  a  persistent  and  conspicu- 
ous swaying  up  and  down  of  the  traces  of  the  horizontal,  the  declina- 
tion, and  the  vertical  curves,  which  seemed  to  be  wholly  independent 
of  the  periodic  curves  and  even  of  the  marked  disturbances,  inasinuch 
as  this  swaying  property,  relative  to  the  base  line,  was  as  manifest  on 
quiet  as  on  disturbed  days. 

As  a  probable  explanation  of  this  fact  we  assumed  that  it  was  due 
to  changes  in  the  conducting  capacity  of  the  dielectric,  or  conditions 
of  thespherical  conducting  shell  surrounding  the  earth,  that  is,  to  the 
atmosphere,  and  that  hence  it  was  strictly  a  meteorological  phenom- 
enon associated  with  the  passage  of  the  high  and  low  centers  near 
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the  station  of  observation.  If  solar  radiations  are  transmnted  into 
magnetic  forces  at  the  earth,  these  fluctuations  in  the  condition  of  the 
atmosphere  which  change  the  radiant  effect  of  the  sun  will  likewise 
alter  the  amount  and  direction  of  the  resulting  magnetic  force  at  any 
point.  What  these  physical  conditions  are  still  remains  to  be  inves- 
tigated. It  will  be  possible  in  this  Bulletin  only  to  indicate  the 
method  of  research. 

THE  DIBEGTBD  DISTURBANCES. 

The  same  method  of  treatment -enables  us  to  detect  those  directions 
in  space  from  which  the  disturbances  come  to  the  earth,  and  from  the 
discussion  of  all  the  important  disturbances  during  four  months  of 
1889  it  is  clearly  seen  that  they  are  strictly  confined  to  three  direc- 
tions, as  stated  above  in  (a),  (&),  and  (o).  The  stronger  the  disturb- 
ances the  more  persistently  they  follow  these  directions;  at  certain 
parts  of  the  field  there  is  evidently  a  conflict  of  forces  which  produces 
a  varying  resultant;  but  these  places  of  conflict  only  serve  to  heighten 
the  contrast  whenever  the  fields  are  acting  simply  by  themselves. 
The  field  (a),  directed  along  the  radiant  field,  as  modified  by  the  lag 
produced  by  rotation,  is  clearly  due  to  the  radiations  of  the  sun ;  the 
field  (b)y  perpendicular  to  the  ecliptic,  is  perhaps  due  to  the  spas- 
modic coronal  action  of  the  sun;  the  field  (c),  directed  some  degrees 
westward  of  that  part  of  space  to  which  the  earth  is  moving,  also 
shows  the  same  lag  angle  as  field  (a) ;  it  appears  on  the  dark  side  of 
the  earth,  and  may  be  due  to  some  type  of  induction  not  as  yet 
clearly  analyzed. 

I  now  proceed  to  a  brief  description  of  the  mode  of  treating  the 
observations,  giving  a  simple  example  of  the  same  by  way  of  illustra- 
tion. 

III.— THE  COOEDINATES  AND  FOEMUL.E. 

It  is  proposed  to  obtain  residual  ordinates  to  the  horizontal  force, 
the  declination,  and  the  vertical  force,  which  will  be  applicable  respec- 
tively to  the  fields  that  have  been  described.  For  the  variation  of 
ordinates  measured  on  the  curves  is  in  reality  an  integration  of  the 
combined  effect  of  all  the  fields  acting  simultaneously.  We  assume  a 
system  of  rectangular  coiirdinates,    * 

X,  positive  north  in  the  plane  of  the  horizon  of  the  station,  and  in 
the  plane  of  the  mean  magnetic  meridian  of  the  year; 

Y,  iK>sitive  west  and  peri)endicular  to  X,  and  also  in  the  plane  of 
the  horizon ; 

Z,  positive  downwards  along  the  normal  perpendicular  to  the  plane 
of  the  horizon. 

Hence  the  magnetic  azimuth  is  counted  in  the  direction  N,  W,  S, 
E,  and  for  magnetic  altitude  ^  means  that  the  force  acts  beneath 
the  plane  of  the  horizon,  and  — ,  that  it  acts  above  it. 
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If  we  take  JH,  the  uncorrected  residual  for  the  horizontal  force, 
JD,  the  uncorrected  residual  for  declination,  and  JY,  the  uncorrected 
residual  for  the  vertical  force,  we  can  compute  a  value  corresponding 
to  them,  dxj  dy^  dZj  from  which  will  be  obtained, 

tr  =z  \/  daf  4^  dyS  the  component  of  the  total  deflecting  force 
on  the  horizontal  plane. 

«  =  >v/"diB»^3y»^{6s«,  the  total   deflecting  force   acting  in 
space. 

dy 
tan  ff=:   -,  where  fi  is  the  azimuth  of  the  deflecting  force. 

tan  a=  -,  where  a  is  the  altitude  of  the  same. 

a 

The  labor  of  computing  <t^  s^  a^  p  by  squares  or  logarithms  is  so 
great,  in  view  of  the  large  amount  of  such  work  needed,  that  a  dia- 
gram scale  was  constructed  which  practically  reduces  the  time  re- 
quired to  one-fourth  of  that  by  the  first  method,  the  accuracy  being 
easily  within  one  unit. 

On  a  card  is  drawn  a  square  10.8  inches  on  the  side,  in  which  is 
inscribed  a  circle  divided  into  half  degrees,  and  numbered  on  each 
degree.  The  radius  is  divided  into  200  units.  The  surface  of  the 
large  square  is  subdivided  into  small  squares,  the  sides  of  which  are 
one-twentieth  of  the  radius ;  also  a  series  of  concentric  circles,  whose 
radii  differ  by  the  same  amount,  is  spread  over  the  area;  and  radii 
are  drawn  in  for  every  tenth  degree,  extending  from  the  fifth  to  the 
twentieth  circle.  All  the  quadrants  are  numbered  fully,  so  as  to  ren- 
der it  easy  to  plot  in  a  point  whose  coordinates  are  given.  For  num- 
bers up  to  about  200  the  scale  admits  of  direct  use ;  for  larger  numbers 
the  coordinates  are  reduced  by  a  convenient  factor,  the  final  linear 
dimension  being  restored  by  this  factor,  the  angle,  of  course,  being  the 
same  in  either  case.  Practically,  one  enters  dx^  dy^  and  reads  off  <r 
^  directly;  reenters  <r,  dz^  and  reads  off  «,  a.  Using  a  stylus  and 
estimating  by  the  eye,  the  results  flow  very  rapidly  from  it. 

The  change  of  JH,  JD,  JV,  to  dx^  dy,  and  dZj  requires  some  expla- 
nation. The  coordinates  are  chosen  so  that  a  positive  value  of  these 
residuals  indicates  an  increase '  of  force  in  the  positive  direction  of 
these  axes.  If  the  ordinates  are  taken  directly  from  the  photographic 
traces  some  reductions  are  necessary  before  they  are  available.  The 
instrumental  values  must  be  reduced  for  the  temperature  coefficient  in 
the  case  of  JH  and  JY,  the  temperature  not  affecting  JD.  The 
values  of  JH,  JV,  in  terms  of  millimeters,  must  be  transposed  to  the 
corresponding  values  of  the  absolute  force,  as  determined  by  a  set  of 
instruments  for  this  purpose,  and  the  coefficient  of  the  value  of  one 
millimeter  in  terms  of  absolute  force  for  H  and  Y  must  be  known. 
Since  JD  is  an  angle  it  must  be  translated  into  a  corresponding  W 
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and  E  force.  Now  the  mean  horizontal  force  for  the  year,  H^,  may  be 
taken  a8  the  base  of  a  triangle  of  which  the  altitude  is  determined 
by  the  angle  JD,  hence  dy=:B.^t2kn  JD.  An  auxiliary  table  may 
be  constructed  for  any  station,  as  has  been  done  for  Washington,  by 
means  of  which  the  change  can  be  effected  at  a  glance  from  the  value 
of  JD  in  minutes  of  arc  to  the  W  —  E  deflecting  component  dy. 

I  will  say  that  all  the  results  obtained  have  been  wholly  corrected 
for  the  temperature  of  the  magnet,  and  that  no  objection  can  properly 
be  interposed  into  my  discussion  on  that  account.  As  far  as  possible 
I  have  used  the  reduced  final  values  of  the  instruments  as  they  appear 
in  the  publications  of  the  U.  S.  Magnetic  Observatory  for  the  years 
1889  and  1890  (fi*om  advanced  sheets)  and  1891  (from  manuscript).  I 
take  the  opportunity  to  acknowledge  the  obligations  that  the  Bureau 
is  under  to  the  courtesy  of  the  Navy  Department,  especially  to  Com- 
modore George  Dewey,  Chief  of  the  Bureau  of  Equipment,  to  Captain 
F.  V.  McNair,  Superintendent  of  the  U.  S.  Naval  Observatory,  and 
to  Ensign  J.  A.  Hoogewerff,  U.  8.  N.,  in  charge  of  the  U.  S.  Mag- 
netic Observatory,  whereby  it  has  been  possible  to  undertake  this 
work.  In  the  case  of  other  observatories  it  has  been  necessary  to  de- 
pend upon  the  results  appearing  in  the  volumes  containing  their 
reports.  As  has  been  seen,  the  two  important  elements  of  transposition 
are  the  temperature  coefficient  and  the  value  of  one  millimeter  ordin- 
ate in  terms  of  the  absolute  force.  It  is  precisely  these  to  which  En- 
sign Hoogewerff  has  paid  the  closest  attention,  and  the  rigid  scrutiny 
to  which  it  has  been  necessary  to  submit  the  curves  and  the  reduced 
values,  seems  to  justify  us  in  placing  confidence  in  the  efficiency  of  the 
work  he  has  done. 

THE  TREATMENT   OF  THE    OBSERVATIONS. 

As  a  starting  point  in  the  analysis  of  these  residuals,  we  take  the 
annual  mean  value  of  the  H,  D,  Y;  that  is,  the  mean  derived  from  the 
twenty-four  observations  for  each  day,  summed  for  each  day,  and  again 
summed  for  the  whole  year.  The  range  of  365  days  is  broken  up  into 
the  usual  twelve  monthly  groups,  by  summing  for  the  respective  days 
of  the  month.  Subtracting  the  mean  of  the  year  from  the  mean  for 
the  month,  we  obtain  the  residuals  pertaining  to  the  annual  carve. 
By  plotting  these  and  running  smooth  curves  through  them,  the  an- 
nual deflection  at  the  individual  day  is  secured. 

If  we  take  the  means  by  months  for  each  of  the  twenty-four  hours 
and  subtract  from  them  the  mean  of  the  month,  we  obtain  the  mean 
residuals  of  the  diurnal  curve  for  the  month.  In  passing  from  month 
to  month  we  could  also  construct  average  curves,  one  for  each  of  the 
twenty-four  hours,  by  which  could  be  obtained  the  diurnal  curve  for 
any  specified  day,  but  this  refinement  of  calculation  has  not  been 
attempted. 

The  question  next  arises  as  to  the  proper  dealing  with   days  of 
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marked  disturbance,  one  that  continues  to  puzzle  raagneticians.  I 
have,  in  the  use  of  observations,  restricted  myself  to  the  striking  out 
of  not  more  than  one  in  ten  of  the  extreme  values,  obtained  by  read- 
ing the  ordinates  of  the  curves  for  the  hours,  just  as  they  occurred, 
even  if  upon  the  crest  or  the  bottom  of  a  disturbance.  When  we  are 
seeking  a  normal  curve  this  is  evidently  incorrect,  limiting  the  ordin- 
ates to  twenty-four  points,  and  it  could  be  improved  only  by  using  a 
very  large  number  of  such  points,  or  practically  integrating  the  area 
included  between  the  curve  and  the  base  line.  As  this  is  hardly  prac- 
ticable, I  shall  take  the  opportunity  further  along  in  this  paper  of 
SQggesting  a  device  for  accomplishing  something  better  than  the  24- 
point  method. 

If,  again,  we  subtract  the  mean  of  the  month  from  the  mean  of  the 
twenty-four  hours  for  each  day,  we  obtain  what  I  regard  as  the  meteoro- 
logical element  in  the  problem,  this  residual  being  the  mean  amount 
by  which  the  diurnal  curve  for  the  day  lies  above  or  below  the  mean 
diurnal  curve,  except  so  far  as  affected  by  the  ordinates  of  marked 
disturbances,  which  of  course  ought  to  be  eliminated,  and  which  are 
partially  compensated  by  the  average  of  the  disturbance  flux  and 
reflux  for  the  day.  This  meteorological  residual  is  the  mean  for  the 
day,  but,  properly,  it  sbould  be  distributed  through  the  day,  unless  it 
is  intended  to  make  a  comparison  between  the  mean  of  the  magnetic- 
meteorological  residuals,  and  the  meteorological  variations  as  dis- 
closed by  the  instruments  for  the  mean  of  the  day.  I  shall  show, 
however,  a  way  in  which  this  residual  can  be  distributed  along  the 
day,  and  then  comparisons  can  be  made  with  the  meteorological  ele- 
ments for  any  specified  hour. 

Finally,  if  from  the  actual  ordinates  for  any  moment  the  total  de- 
viations accounted  for  up  to  this  point,  that  is,  the  annual  plus  the 
diurnal  plus  the  meteorological  residuals,  be  subtracted,  we  shall  have 
the  residual  of  the  disturbance  proper,  and  this  apparently  exhausts 
the  problem.  It  remains,  therefore,  to  explain  how  we  have  endeav- 
ored, practically,  to  separate  these  residuals.  The  example  is  taken 
from  the  volume  of  the  Washington  observations,  1886,  Appendix  I, 
entitled  ''Magnetic  Observations  at  the  U.  S.  Naval  Observatory, 
1888-1889,"  and  we  select  the  month  of  March  as  an  average  case.  It 
should  be  said  that  the  computations  were  made  before  the  relation 
with  the  meteoi'ological  elements  was  investigated,  and  that  no  changes 
have  l;»een  made  in  the  figures  as  here  reproduced.  A  tabular  presen. 
tation  of  the  computations  is  introduced  from  time  to  time,  which  will 
be  easily  understood  from  the  arrangement  and  the  adjacent  line  of 
thought. 
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Table  I. — Horizontal 

The  figures  given  in  the  table  are  millionths  of  a  dyne,  which  added 

.198000+ 


Day. 


I 

2 

3 
4 
5 

6 

7 
8 

9 
lo 

II 

12 

13 
14 
15 

i6 

17 
i8 

19 

20 

21 
22 

23 
24 
25 

26 

27 
28 

29 

30 
31 

Mean .. 


405 
712 
802 
846 

874 

894 

853 
802 

789 
847 

842 

1041 

812 

785 
795 

824 
868 

596 
776 
786 

768 

953 
761 
8co 
768 

863 
713 
451 
701 

730 
830 

783 


2. 


409 

735 
826 

813 
846 

1017 

708 

943 

813 
856 

828 
980 

859 
781 
814 

839 
849 
615 
804 
819 

862 
901 
780 

879 

744 

816 

765 

587 
790 

796 

807 

803 


687 

749 
816 

775 
855 

819 
567 
797 
836 
861 

847 
928 

765 
781 

833 

881 
863 
620 

799 
805 

815 
713 

846 
832 
768 

830 

737 
587 
701 
796 
830 

785 


767 

735 
807 
808 

851 

866 
708 
821 

789 
861 

861 

975 

878 

795 
856 

848 
896 

7M 

813 

819 

825 
661 

789 
832 
805 

830 

732 

559 
701 

806 

802 

800 


739 
807 
803 
837 
847 

820 
680 
817 
837 
885 

862 
986 
806 

833 
852 

848 
877 
718 
827 
814 

834 
798 
799 
851 
791 

830 
788 
677 

711 
801 

778 
811 


A.  M« 


6. 


768 
736 
831 
851 
889 

703 
685 
841 

828 

857 

8S1 
939 
874 
805 
866 

871 

849 
690 

837 

838 

834 
774 
761 

738 
791 


820 
774 

695  '\ 

743 
782 

816 

805 


I 


r. 

8. 

782 

617 

764 

745 

794 

714 

837 

861 

885 

814 

905 

698 

798 

821 

826 

794 

832 

771 

843 

815 

876 

843 

925 

896 

931 

982 

796 

749 

843 

740 

867 

792 

882 

830 

596 

526 

813 

780 

791 

781 

834 

754 

802 

760 

756 

799 

785 

814 

772 

711 

830 

797 

784 

680 

498 

818 

772 

645 

796 

735 

807 

727 

807 

768 

618 
709 

687 
815 

773 

628 

705 
719 
702 
858 

774 

855 
889 
717 
708 

759 
727 

526 
729 

735 

726 
708 
728 

795 
716 

736 
619 
625 

518 
650 
609 

7!2 


la 

II. 

599 

693 

662 

620 

649 

602 

862 

867 

806 

857 

206 

586 

710 

705 

644 

649 

683 

674 

722 

774 
860 

885 
707 
661 

698 
623 

521 
710 
617 

693 
567 
662 

781 
763 

712 
718 
545 
452 
500 

557 
663 


12. 


1 


670 
605 
611 
805 
890 

652 
611  ' 

649 
683 


637 

651 

779 

713 

794 

752 

856 

833 

674 

684 

914 

679 

688 

669 

713 

825 

577 

691 

691 

565 

655 

651 

552 

572 

581 

695 

761 

677 

649 

739 

697 

712 

750 

788 

793 

503 

498 

438 

368 

486 

509 

595 

628 

679 

670 
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/orce,  March  J  1889. 

to  .198000  dyne,  give  the  absolute  horizontal  force  in  C.  G.  S.  units. 

.198000+ 


iMy. 


I 

2 

3 

4 
5 


P.M. 


6io 

658 

655 
830 

85S 


563 
691 
772 
821 
896 


6 

653 

488 

7 

668 

654 

8 

1    739 

913 

9 

.    «9 

717 

10 

667 

690 

II 

845 

892 

12 

790 

880 

»3 

857 

872 

14 

755 

779 

15 

690 

798 

16 

787 

853 

17 

S35 

82 1 

18 

662 

714 

>9 

701 

771 

ao 

702 

725 

SI 

585 

731 

22 

605 

732 

23 

799 

803 

24 

743 

800 

25 

749 

782 

36 

900 

947 

a? 

962 

793 

28 

823 

493 

29' 

7^5 

762 

3f> 

524 

538 

31 

633 

741 

Xeao.. 

726 

756 

3- 

4- 

699 

699 

550 

696 

871 

^^^ 

882 

900 

915 

967 

653 

761 

664 

800 

927 

847 

773 

825 

775 

840 

939 

902 

983 

1007 

716 

669 

784 

812 

727 

831 

890 

876 

1206 

8.\S 

784 

841 

799 

827 

739 

739 

717 

712 

793 

760 

817 

831 

847 

879 

84S 

843 

924 

900 

864 

915 

757 

719 

767 

711 

608 

688 

830 

835 

806 

816 

'• 

6. 

794 

738 

786 

824 

858 

839 

939 

930 

935 

1015 

814 

814 

707 

655 

797 

768 

845 

859 

856 

865 

908 

926 

904 

636 

638 

741 

836 

813 

851 

860 

857 

829 

445 

-185 

855 

831 

823 

715 

706 

810 

811 

717 

647 

624 

822 

836 

922 

818 

815 

801 

858 

830 

925 

859 

738 

808 

762 

711 

768 

754 

811 

816 

808 

770 

747 
819 

839 

925 
968 


922 
730 
652 

747 
888 

806 
149 


820 
628 
&60 

832 
791 

708 
864 
686 

795 

782 
821 

784 


8. 

757 
786 

839 
831 
953 


786  804 

829  853 

768  I  815 

864  ,  845 

870  I  856 


922 

918 
595 
799 
884 

857 
—039 


850  i  855 
818  ,  809 

749   777 


839 
671 
869 
842 
805 

731 
835 
677 

814 
796 

830 
788 


9- 

10. 

II. 

12. 

706 

678 

729 

729 

782 

782 

792 

787 

849 

779 

798 

845  1 

846 

832 

818 

921 

743 

419 

54» 

658 

801 

772 

707 

594 

802 

778 

882 

755 

802 

816 

807 

793 

865 

879 

851 

851 

852 

861 

857 

838 

913 

890 

866 

866 

919 

872 

863 

849 

507 

671 

671 

624 

828 

833 

800 

889 

842 

828 

838 

828  ' 

88r 

890 

900 

895  1 

356 

426 

454 

595 

836 

737 

714 

789 

809 

804 

846 

804 

758 

739 

711 

753 

829 

858 

938 

905 

713 

802 

779 

773 

836 

822 

822 

784 

785 

724 

738 

842 

815 

796 

815 

824 

722 

751 

698 
605 

976 

643 

719 

719 

639 

625 

823 

828 

837 

847 

810 

796 

801 

806 

830 

&16 

783 

797 

785 

769 

786 

784 

0 
08 


675 
731 

780 
852 
836 

727 

733 
796 

796 

813 

861 

887 

774 

783 
809 

829 
658 
702 

783 
747 

775 
722 

793 
800 

781 

806 

787 
644 

705 
711 
764 

769 
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Table  II. — Declination  j 

Ordinates,  expressed  in  minutes  of  arc,  taken  from  the  daily  declination  ti'aces. 

declination  at 

Base-line  value 


Day. 

I. 

r 

I 

64.2 

2 

68.2 

3 

69.0 

4 

68.7 

5 

67.7 

6 

70.2 

7 

66.6 

8 

68.4 

9 

68.9 

lO 

69.2 

II 

• 

69.0 

12 

68.6 

13 

68.1 

U 

69.0 

15 

69.1 

i6 

67.7 

17 

68.2 

i8 

67.1 

19 

69.0 

20 

68.4 

31 

69.8 

22 

66.3 

23 

68.7 

24 

68.8 

25 

66.2 

26 

69.1 

37 

67.6 

28 

60. 3» 

29 

68.4 

30 

68.4 

31 

69.2 

Mean.. 

68.3 

A.  M> 


2. 

3- 

4. 

a- 

6. 

• 

7- 

A 

^ 

^ 

* 

^ 

68.1 

68.4 

67.6 

68.3 

69.1 

71. 6» 

67.4 

67.7 

67-3 

67.6 

69.6 

69.0 

69.9 

70.4 

68.4 

67.5 

67.8 

67.4 

67.6 

67.1 

67.1 

67.0 

66.9 

68.0 

69.0 

67.1 

67.9 

69.1 

67.4 

67-3 

66.3 

64.  2» 

67.1 

73- 5» 

72.  o» 

69.1 

66.8 

70.1 

68.4 

69.2 

69.4 

68.0 

71. 1 

71.1 

68.1 

68.1 

68.4 

68.1 

69.0 

69.8 

69.0 

69.0 

68.6 

68.0 

68.9 

68.7 

68.6 

68.2 

68.9 

68.4 

69.2 

68.2 

68.3 

68.4 

68.4 

68.1 

66.9 

67.0 

67.0 

66.5 

67.9 

67-5 

69.1 

68.4 

68.2 

68.2 

68.1 

67.6 

68.3 

68.3 

68.8 

68.6 

68.6 

68.0 

69.1 

68.8 

68.3 

67.8 

68.0 

66.1 

72.  I* 

68.3 

67.7 

67.8 

68.0 

67.0 

68.1 

68.0 

68.0 

67-5 

67.9 

66.1  > 

68.2 

68.0 

68.5 

69.0 

68.0 

65-9 

68.9 

68.3 

68.1 

68.0 

67-3 

66.3 

68.8 

68.1 

68.0 

67.6 

68.0 

66.3 

68.8 

68.3 

68.9 

68.6 

68.4 

67.1 

64.0* 

67.2 

64. 3* 

65. 6» 

65. 9* 

65-5 

68.6 

70.0 

68.2 

68.1 

68.0 

68.0 

68.2 

68.1 

68.0 

67.3 

69.1 

70.9 

68.3 

67-5 

67.9 

67.0 

68.1 

67.0 

68.5 

67.9 

67.9 

67.6 

67.6 

67.1 

68.0 

68.1 

68.2 

68.1 

67.0 

66.1 

68.8 

64. 4» 

67.4 

68.8 

66.7 

66.0 

69.2 

68.7 

68.7 

68.8 

67.6 

65.1 

70.3 

67.2 

66.1 

68.2 

68.8 

66.7 

68.9 

68.8 

69-5 

70.1 

68.2 

66.9 

68.7 

68.4 

68.0 

68.0 

68.1 

67.3 

77- 4* 

67.0 

67.0 

65-7 
66.8 

71.  ©• 

66.4 
67.0 
67.0 
66.4 

67.1 
66.9 

67-3 
67-3 
66.2 

67.0 

64-3 
64.7 

65.0 

65.7 

66.6 
65.2 
67.4 
67.6 
66.7 

66.2 

65-4 

69. 4» 

64-5 

64-5 

65.0 

66.3 


71.4* 

66.3 

66.4 

66.0 

67-5 

71.6* 

66.6 

68.0 

66.7 

66.0 

67.4 

65-4 
66.2 
67.2 
65.2 

66.7 
64.4 
65.2 
64.9 
65.6 

67.1 
66.0 
66.6 
67.0 
67.1 

65.8 
66.0 
64.0 
66.4 

64.9 
65.1 

66.1 


10. 


72.0* 

68.1 

67.0 

67.8 

67.8 

75- 5* 
67.8 

67.9 
67.7 

66.2 

67.8 
67.0 
66.0 
67.7 
66.6 

67.7 
66.3 

65- 9 
65-5 

66.8 
66.1 
66.5 
67.6 
67.2 

66.2 
66.4 
66.0 
66.4 
65.8 

65-9 
66.8 


II. 

69.0 
69.9 
68. 9 
68.9 
68.4 


12. 


70.5 
72.1 
70.4 
70.7 
69.8 


68.9 


70.7 
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March  J  1889. 

The  ordinate  for  any  hour  added  to  the  base-line  valae  gives  the  absolute  westerly 
thai  hour. 


=2*»  51'  31 


// 


P.  M. 


D»7. 


I 

3 

3 


i6 

»7 
i8 

20 

31 
33 

»3 

as 

j6 

38   I 

3«  i 
I 
Meao.. 


6 

7 
8 

9 
lo 

II 

13 

«3 


I. 

2. 

3- 

4. 

5- 

6. 

7- 

# 

r 

^ 

/ 

• 

f 

f 

74-0 

75.7* 

73-2 

70-3 

69.0 

68.9 

68.7 

73-2 

74-0 

73-6 

71-5 

69.9 

69-3 

68.9 

72-3 

72.5 

72.4 

71-3 

70.3 

69.6 

69-3 

1  71-7 

71.8 

71.4 

70.3 

69.6 

'69.5 

69.1 

70.7 

70.9 

70.5 

69.8 

69.9 

70.3 

69.9 

73.6 

72.6 

71. 1 

70.6 

69.9 

69.1 

68.6 

71. 1 

1 

72.0 

72.3 

70.8 

70.1 

68.9 

69.0 

73-1 

72.5 

72.1 

70.7 

70.2 

69-5 

69.0 

72.4 

72.7 

71.9 

70.8 

69.7 

69.4 

69.3 

71.8 

72.1 

72.9 

71.9 

69.7 

69.3 

69.1 

70.5 

71. 1 

7'-3 

71-3 

72.1 

71.7 

70.0 

70.9 

71.0 

70.3 

69-5 

69-5 

69.6 

69-3 

71.3 

71.9 

73-1 

77- o* 

72.9 

73- 2* 

73- 3* 

;  73-2 

73.1 

71.9 

71. 1 

70.1 

69.9 

69.0 

'  72.3 

73-3 

73- 0 

70.7 

69.7 

69.4 

69.0 

72.^ 

72.6 

72.3 

70.9 

69.6 

68.6 

68.3 

74-1 

73-1 

74-1 

73-5 

73-9 

71.0 

72*0 

73.0 

73.1 

73.0 

71.0 

70.0 

69-3 

69.0 

7i.& 

72.5 

72.1 

71.6 

70.6 

69.6 

69.2 

7».* 

7a.7 

73-5 

73-1 

73-4 

70.8 

70.5 

73-9 

1 

74-4 

75.  >• 

M^o 

72.0 

70.6 

69.9 

73.9 

72.1 

73-4 

71.8 

7U9 

70.9 

63.5* 

70.8 

71.0 

70.7 

70.4 

69.7 

69^4 

69.2 

71. 1 

71-5 

71.4 

71.0 

70.4 

70.4 

69-8 

71.0 

71-3 

71.7 

70.4 

70.0 

69.7 

69.7 

71.8 

70.8 

71-4 

70.8 

70.5 

70.2 

68.9 

71.6 

72.5 

72.4 

71.4 

70.5 

70.6 

70.1 

73-6 

75- 9* 

73.2 

73-2 

71.2 

69.7 

69.9 

74-3 

73-6 

73*9 

72.6 

70.4 

68.5 

69.6 

70-5 

71.8 

72.4 

71.8 

70.6 

695 

69.1 

73-4 

74-5 

74-6 

73-0 

71. 1 

70.3 

69.6 

72.2 

72.3 

72.2 

71-3 

70-3 

69.8 

69.4 

8. 


68.5 
68.8 
69.1 
68.9 
69.2 

67.7 
68.9 
68.6 
69  o 
69.0 

69.2 
69.0 

73- o* 
69.0 

68.7 

68.6 
71.8 
68.9 
68.7 
69.2 

68.8 
68.9 
68.9 
69.6 
69.1 

66.8 
70.7 
66.3 
69.4 
68.6 

69-3 
68.9 


/ 
68.7 
68.9 
69-3 
68.9 
69-5 

68.1 
68.6 
67.6 
69.0 
69-3 

69.1 
69.0 
70.0 
69.0 
68.8 

68.5 
68.0 
68.7 
68.8 
69.0 

69-5 
70.2 
69.0 
69.8 
69.2 

68.6 

64. 9* 

65.2* 

69.2 

69.0 

68.9 

69.0 


10. 


69.9 

68.9 
69.0 
69.0 
64.0* 

67.1 
67.2 
66.3 
68.9 
69.0 

68.7 
68.3 

63- 5* 

68.5 

69.0 

68.7 
66.9 
67.0 
64.9 
67.8 

69.1 
69.4 
68.8 
68.3 
69.1 

68.3 
66.3 
67-5 

69-3 
68.9 
69.0 

68.2 


ii> 


69.1 
69.0 
69.6 
68.7 


13. 


69-3 
69.3 

70.3 

68.6 


66.1 

66.0 

65-9 

64.4* 

65-7 

68.7 

68.7 

69.0 

69.1 

69.1 

69.0 

68.6 

68.4 

68.5 

68.7 

68.5 

68.5 

68.9 

67.4 

68.4 

69.7 

67.8 

68.6 

68.5 

71. 2» 

63. 8» 

68.7 

67-3 

67-3 

69.0 

69.1 

69.0 

68.8 

68.9 

68.9 

68.8 

69-3 

68.7 

69.9 

71.0 

69.0 

68.9 

57. 4» 

65.6 

68.4 

68.4 

67.2 

68.3 

68.9 

69.0 

69.0 

68.9 

68.5 

68.6 

d 

OS 


70.01 

69-39 
69.38 
68.71 

68.44 
69.69 

68.75 

69.40 

69.32 
69.07 

69.14 

68.44 
I  69.61 

69-25 

69. 05 

69.13 
69.32 
68.66 
68.56 
69.15 

69.84 

68.33 
68.92 

69-44 

68.82 

68.77 
68.55 
68.68 

69-35 
68.63 

69-53 
69.08 
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Table  III.— Vertical 


The  figures  given  in  the  table  are  milliouths  of  a  dyne,  which, 
.681000+ 


A.  M. 

Day. 

1. 

2. 

3- 

4- 
242 

5- 

238 

6. 
229 

7- 
197 

8. 

9- 

183 

10. 

II. 
156 

12. 

X 

163 

221 

237 

187 

170 

104 

2 

243 

330 

202 

236 

241 

242 

248 

248 

240 

212 

165 

122 

3 

223 

200 

186 

191 

192 

203 

204 

185 

138 

115 

092 

III 

4 

270 

266 

286 

291 

301 

298 

299 

279 

261 

257 

2^ 

249 

5 

259 

260 

280 

280 

281 

263 

269 

254 

255 

261 

248 

238 

6 

339 

206 

183 

279 

208 

151 

200 

243 

259 

284 

290 

266 

7 

156 

109 

177 

321 

312 

318 

353 

357 

349 

350 

308 

274 

8 

399 

371 

344 

363 

383 

403 

428 

428 

410 

377 

306 

26S 

9 

355 

351 

342 

352 

353 

359 

360 

355 

342 

309 

238 

214 

lO 

358 

364 

365 

370 

371 

372 

387 

373 

355 

303 

260 

246 

II 

352 

349 

350 

354 

365 

366 

372 

372 

344 

326 

312 

3»2 

12 

303 

319 

329 

334 

345 

350 

342 

327 

309 

267 

230 

186 

13 

230 

193 

179 

155 

161 

162 

182 

187 

188 

179 

176 

176 

U 

229 

273 

279 

274 

280 

295 

301 

301 

302 

293 

304 

323 

15 

271 

272 

273 

273 

279 

289 

305 

295 

301 

292 

264 

245 

i6 

246 

247 

243 

267 

273 

283 

299 

279 

280 

267 

230 

225 

17 

244 

245 

246 

246 

247 

244 

2SQ 

249 

198 

122 

118 

118 

i8 

306 

283 

284 

284 

261 

242 

267 

258 

225 

159 

126 

150 

19 

199 

209 

220 

225 

226 

241 

247 

237 

210 

187 

149 

144 

20 

246 

251 

252 

252 

258 

274 

289 

265 

252 

248 

215 

206 

21 

273 

249 

249 

254 

254 

259 

259 

249 

220 

196 

139 

124 

22 

259 

196 

134 

187 

244 

288 

321 

326 

321 

249 

192 

201 

23 

278 

254 

230 

230 

240 

249 

254 

259 

259 

206 

163 

163 

24 

168 

163 

163 

158 

158 

148 

134 

115 

124 

100 

086 

091 

25 

206 

230 

230 

230 

235 

249 

225 

225 

211 

144 

no 

"5 

26 

"5 

"5 

120 

120 

120 

129 

139 

139 

134 

048 

(-)oo5 

019 

27 

249 

196 

163 

153 

168 

>  168 

172 

129 

072 

028 

028 

033 

28 

(-)226 

(— )039 

(-)o68 

(-)024 

(-)oi5 

014 

^-)oo5 

014 

028 

(-)048 

{-)iii 

(-)o87 

29 

206 

177 

201 

216 

225 

240 

225 

206 

182 

124 

100 

086 

30 

139 

134 

134 

163 

177 

196 

206 

201 

196 

182 

192 

206 

31 

244 

240 

240 

240 

235 

244 

249 

249 

240 

177 

144 

no 

Mean  . . 

236 

230 

228 

262 

246 

251 

1 

258 

251 

238 

216 

177 

172 
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force y  Marehy  1889. 

added  to  .581000  dyne,  give  the  vertical  force  in  C.  G.  S.  units. 

.681000+ 


P.M. 

Day. 

, 

-  

• 

I. 

2. 

3- 

4- 

5- 

6. 

• 

7- 

8. 

9- 
303 

10. 

n. 

12. 

4* 

I 

191 

254 

284 

294 

271 

257 

263 

278 

284 

281 

271 

232 

2 

132 

157 

153 

197 

202 

242 

257 

257 

253 

250 

230 

236 

216 

3 

217 

228 

267 

287 

28S 

279 

299 

304 

305 

306 

312 

297 

226 

4 

235 

212 

.  223 

228 

234 

230 

235 

255 

261 

276 

282 

258 

260 

5 

297 

336 

313 

284 

295 

305 

316 

330 

384 

428 

429 

381 

302 

6 

295 

344 

384 

374 

370 

357 

358 

377 

373 

355 

'342 

323 

298 

7 

294 

310 

354 

359 

374 

370 

371 

386 

391 

407 

408 

393 

325 

8 

303 

337 

362 

333 

349 

350 

360 

351 

357 

353 

359 

354 

360 

9 

253 

259 

270 

284 

300 

296 

.V)6 

330 

341 

347 

348 

•348 

317 

xo 

295 

325 

336 

302 

308 

309 

310 

320 

335 

1 

336 

347 

342 

333 

II 

333 

329 

315 

3" 

307 

308 

318 

357 

387 

383 

355 

321 

342 

12 

202 

227 

gi|? 

276 

30' 

331 

317 

288 

270 

262 

258 

248 

286 

13 

201 

230 

270 

327 

324 

334 

330 

378 

427 

337 

.3,^ 

357 

251 

14 

295 

292 

259 

259 

284 

290 

281 

267 

258 

269 

260 

246 

280 

15 

261 

262 

272 

282 

283 

284 

294 

304 

300 

316 

297 

254 

282 

i6 

221 

222 

228 

252 

243 

249 

250 

264 

261 

257 

263 

301 

256 

17 

100 

158 

222 

260 

434 

757 

690 

762 

610 

529 

429 

314 

325 

iS 

204 

196 

206 

206 

212 

227 

200 

195 

201 

226 

179 

198 

221 

19 

1    126 

137 

»33 

181 

206 

221 

237 

251 

262 

253 

254 

245 

209 

20 

173 

188 

233 

257 

291 

292 

293 

284 

280 

290 

291 

287 

257 

21 

134 

«53 

192 

216 

249 

268 

278 

292 

297 

302 

307 

302 

238 

22 

259 

278 

307 

331 

364 

360 

355 

350 

336 

326 

312 

288 

283 

23 

177 

192 

2C6 

•  211 

187 

192 

158 

158 

153 

158 

168 

168 

205 

24 

139 

172 

177 

196 

211 

182 

240 

201 

216 

230 

244 

230 

165 

25 

153 

148 

134 

134 

139 

134 

"5 

120 

"5 

115 

115 

120 

165 

36 

067 

072 

096 

076 

096 

no 

no 

129 

124 

144 

lOI 

27 

024 

033 

038 

048 

057 

086 

067 

081 

091 

zoo 

000 

(-)I25 

nR6 

28 

XIO 

16B 

32£ 

244 

244 

249 

240 

283 

230 

225 

220 

220 

091 

•   29 

129 

153 

168 

177 

192 

196 

182 

177 

177 

177 

177 

144 

177 

30 

249 

216 

225 

192 

211 

249 

249 

235 

254 

264 

273 

268 

209 

3* 

100 

066 

139 

196 

216 

211 

201 

187 

187 

177 

172 

163 

194 

Mean  .. 

199 

215 

236 

244 

259 

275 

274 

283 

282 

280 

275 

258 

243 
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Begardin^  the  means  of  H,  D,  Y,  it  should  be  remarked  that  those 
given  in  the  report  for  H  and  Y  were  adopted  nnchanged,  but  since 
took  the  means  ont  for  D,  I  had  the  opportunity  to  reject  a  few  of  the 
outstanding  disturbance  ordinates,  and  it  would  be  better  to  do  like- 
wise in  the  cases  of  H  and  Y.  The  original  means  for  D  were  derived 
from  measures  on  the  composite  curves,  but  it  is  now  thought  best  not 
to  continue  that  system  of  treating  the  observations. 

The  result  of  this  computation  is  not  very  instructive  on  the  face  of 
of  it,  because  it  represents  the  integrated  deflecting  force  arising  from 
the  change  in  the  permanent  magnetism  of  the  earth  at  Washington 
for  1889,  and  the  periodic  term  arising  from  the  motion  of  the  earth 
around  the  sun.  As  soon  as  the  secular  variation  can  be  discovered 
by  itself,  or  on  the  other  hand  the  annual  deflection  obtained  by  itself, 
then  the  other  term  can  be  treated,  a  process  which  it  may  be  hoped 
can  be  accomplished  in  due  time. 
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IV.— MODEL  SHOWING  TBE  DIURNAL  DEFLECTIONS. 

In  order  to  bring  out  visibly  the  meaning  of  onr  results  «,  a^  /9,  we 
constmcted  a  model  in  the  following  way.  A  rubber  ball  about  10 
inches  in  diameter  is  surrounded  by  meridian  lines,  one  for  each  hour. 
Instead  of  revolving  the  ball  upon  its  axis,  the  magnetic  system  is 
supposed  to  take  up  its  place  from  meridian  to  meridian,  according  to 
the  local  hour  angle  of  the  station,  referred  to  the  sun.  A  series  of 
pins  is  inserted  at  the  proper  angles  a,  /9,  and  if  the  force  is  acting 
downwards  beneath  the  plane  of  the  horizon  the  head  is  left  on,  and 
if  above  the  plane  of  the  horizon  the  pin  head  is  removed,  thus  indi- 
cating the  meaning  of  plus  and  minus  a.  The  result  shows  that  the 
ball  is  a  conductor,  that  the  forces  enter  upon  the  dark  side  of  the 
earth  and  depart  on  the  light  side  in  the  northern  hemisphere,  thus 
acting  toward  the  sun,  but  the  symmetrical  plane  of  the  field,  as  shown 
by  the  points  of  tangency  and  the  inclination  of  the  forces,  is  turned 
from  the  meridian  supposed  to  represent  the  sun,  so  that  a  station 
reaches  this  plane  before  arriving  at  the  meridian  of  the  sun.  We  ex- 
pect to  explore  this  field  of  research  fully,  and  only  indicate  the  pro- 
cesses in  this  connection. 

A  few  specimen  results  for  a  series  of  stations  in  June,  1883,  are 
added  to  further  illustrate  this  subject.  After  a  study  of  the  polar 
stations,  bearing  in  mind  the  angles  that  the  poles  (ecliptic,  geographi- 
cal, magnetic)  and  the  zenith  of  the  various  stations  bear  t(»  each 
other,  it  will  be  seen  that  the  action  of  a  polarized  conductor  rotating 
in  the  field  of  the  radiant  sunlight  regarded  as  a  uniform  magnetic 
field  of  force,  is  sufficient  to  explain  clearly  the  variety  of  results  that 
have  been  deduced.  Instead  of  giving  the  magnetic  azimuth  /9,  the 
geographical  azimuth  is  taken,  A^  counted  from  the  north  through  the 
west. 
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Table  VII. — The  meteorological  d^ectionsfor  the  nwnth  of  March,  1889. 
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Table  VllL-^The  meteorological  dements  for  the  month  of  March,  1889. 
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The  H,  D,  Y  are  copied  from  the  daily  means  for  the  month  of 
March.  JH,  JD,  JY  are  obtained  by  subtracting  the  mean  value  of 
the  month  from  these  daily  means.  The  dxfdy^  dz  are  derived  from 
JH,  JD,  JY  by  applying  the  correction  for  the  annual  curve  in  the 
following  manner :  Since  the  meaQ  for  the  month  may  be  taken  as  the 
correct  value  of  the  H,  D,  Y,  for  the  middle  of  the  month,  by  subtract- 
ing these  monthly  means  in  succession  we  obtain  remainders  to  be 
distributed  along  the  interval,  in  proportion  to  the  time,  the  only  error 
being  in  the  assumption  that  the  second  difference  may  be  neglected. 

Thus  we  have  for  the  intervals : 


Intervals. 

,H             D              V 

February  and  March 

_5g        _i_o.  64            131 

March  and  Anril.....* 

29        4-0. 91            330 

Half  of  these  quantities  are  to  be  distributed  from  the  beginning  of 
the  month,  with  the  same  sign  forwards  and  with  the  opposite  sign 
backwards,  reducing  them  to  zero  by  the  middle  of  the  respective 
months.  Since  JD  is  in  minutes  of  arc  it  must  be  reduced  to  force,  as 
explained  above ;  <r,  «,  a,  jS  are  taken  from  the  diagram  scale.  D.  re- 
presents the  disturbance  as  noted  on  the  photographic  curves,  Di  indi- 
cating a  mild  disturbance,  and  D^,  the  most  severe  found. 

The  meteorological  elements  are  taken  from  the  reeordsof  IheU.S.. 
Naval  Observatory,  by  the  permission  of  Professor  J.  B.  Eastman, 
these  numbers  being  the  mean  of  eight  three-hourly  readings.  The 
barometer  and  thermometer  are  also  compared  with  the  means  of  the 
barograph  and  the  thermograph  of  the  IT.  S.  Weather  Bureau,  which 
is  in  the  neighborhood,  as  a  check.  As  all  our  work  is  purely  differ- 
ential, there  is  no  need  to  pay  special  attention  to  absolute  values  in 
the  magnetic  or  in  the  meteorological  records,  the  relative  changes 
alone  being  important. 

The  magnetic  azimuth  of  the  isobars  is  scaled  off  from  the  weather 
maps  of  the  U.  S.  Signal  Service  for  the  month.  It  is  only  fair  to  re- 
mark that  in  reducing  the  azimuth  to  two  readings  for  8  a.  m.  and 
8  p.  m.,  we  are  comparing  the  mean  magnetic  azimuth  /9  of  a  whole 
day  with  the  mean  of  these  two  readings.  A  far  better  appreciation 
of  the  relation  will  be  obtained  by  plotting  the  value  of  fi  upon  the 
map  itself,  where  it  will  be  seen  in  its  general  relation  to  the  whole 
set  of  isobars,  and  to  the  prevailing  pressures  about  the  highs  and  the 
lows.  The  comparison  here  indicated  has  been  extended  during  each 
month  for  the  three  successive  years  1889, 1890, 1891,  and  the  persist- 
ence with  which  the  relative  changes  follow  each  other  in  time  pre- 
cludes the  possibility  that  the  agreement  is  accidental. 

At  this  time  we  refrain  from  discussing  the  meaning  of  these  facts, 
because  there  are  many  physical  conditions  and  relations  involved 
which  are  not  yet  understood.     It  is  seen  by  an  attentive  inspection 
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of  the  variations  in  the  columns  <r,  Sy  a,  ^,  that  there  are  specially 
marked  breaks  in  one  or  more  of  the  terms,  indicating  a  change  in 
some  of  the  magnetic  stresses ;  in  the  same  manner  the  barometer, 
thermometer^  and  relative  humidity  seem  to  vary  rapidly  in  the  same 
neighborhood,  the  commonest  form  being  when  the  barometer  reverses 
from  falling  to  rising,  the  thermometer  changes  suddenly,  and  the  rela- 
tive humidity  diminishes.  Such  breaks  are  indicated  for  the  month 
of  March  by  some  dotted  lines. 

It  will  be  observed  that  there  is  a  decided  tendency  for  the  magnetic 
change  to  precede  the  meteorological  by  about  one  day,  as  if  the  mag- 
netic influence  being  more  sensitive  felt  the  change  before  it  came.  It 
will  also  be  noted  that  this  magnetic  change  seems  to  occur  when  the 
rain  center,  which  precedes  the  low  barometer  by  several  hours,  is  near 
at  hand,  or  at  least  to  be  intimately  related  to  that  critical  state  of  the 
atmosphere.  Such  a  comparison  as  is  here  exhibited  for  March,  1889, 
has  been  carried  out  in  full  for  the  three  years  1889-1891,  and  the  num- 
ber of  coincidences,  as  well  as  the  anticipatory  relationship  of  the  two 
sets  of  phenomena,  persist  throughout  this  period.  It  is  intended  to 
extend  such  a  comparison  to  European  magnetic  and  meteorological 
stations  as  rapidly  as  possible. 

This  comparison  has  been  followed  into  its  details  by  constructing  a 
large  monthly  diagram  of  all  the  curves  mentioned — humidity,  barome. 
ter,  thermometer,  with  appended  data  for  the  rain,  clouds,  and  wind, 
also  the  declination,  horizontal  force,  and  vertical  force.  The  meteoro- 
logical curves  are  copied  from  self- registering  instrument  traces,  and 
the  magnetic  curves  from  the  traces  given  by  the  Kew  instruments  of 
the  U.  S.  Magnetic  Observatory,  the  two  sets  of  apparatus  being  about 
150  feet  apart.  All  the  traces  are  reduced  to  the  same  scale,  four 
centimeters  daily,  the  vertical  ordinates  being  adapted  to  give  clearly 
the  relative  changes  on  a  similar  vertical  scale  as  seen  by  the  eye. 
The  points  of  the  six-hour  ordinates  are  plotted,  also  all  the  maxima 
and  minima.  A  single  sheet  contains  the  continuous  curves  for  a 
month.  The  traces  for  H  and  Y  were  not  corrected  for  temperature 
during  October  and  November,  but  this  correction  has  been  applied  to 
all  that  follow.  Now  a  mean  line  is  drawn  through  a  series  of  middle 
points,  counting  successive  maxima  and  minima  points  as  the  extremes 
for  determining  the  mid-points,  each  curve  thus  having  its  mean  curve. 

If  the  month  is  blocked  off  into  parts  determined,  for  instance,  by 
the  intervals  from  one  low  to  the  next  low,  it  is  seen  that  both  the 
meteorological  and  the  magnetic  mean  curves  tend  to  sway  up  and 
down  once,  that  is,  have  but  one  inflection  between  such  limits,  and 
that  the  intensity  of  the  meteorological  conditions  is  responded  to  by 
the  magnetic  conditions.  Furthermore,  the  amplitude  of  each  of  the 
magnetic  traces  rises  and  falls  once  during  the  interval  indicated,  show- 
ing that  the  passage  of  an  atmospheric  wave  over  a  station  is  attended 
by  an  intensification  and  a  relaxation  of  the  magnetic  deflecting  forces. 
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DISTEIBUTION  OF  THE  DEFLBOTIONS. 

We  are  thus  brought  to  describe  a  device  of  interest,  namely,  a 
method  for  distributing  the  mean  meteorological  magnetic  results  just 
used  in  computation  over  the  whole  of  the  day,  so  as  to  obtain  the 
meteorological  effect  at  any  given  hour,  freed  from  the  diurnal  and 
the  disturbance  effects.  The  question  is,  to  what  shall  the  photo- 
graphic trace,  with  all  its  irregularities,  be  referred,  in  order  at  any 
given  moment  to  measure  out  the  meteorological  residual.  These 
traces  sway  up  and  down,  as  a  whole,  relatively  to  the  base  line,  apart 
from  the  gradual  change  produced  by  loss  of  magnetism  of  the  mag- 
net, and  from  the  changes  in  the  coefficients  by  the  temperature.  The 
residuals  JH,  JD,  JV,  as  derived  from  the  printed  page,  being  freed 
by  computation  from  these  sources  of  change,  still  represent  that 
meteorological  change  as  a  mean  value,  but  what  we  want  is  the 
twenty-four  terms  of  which  it  is  the  arithmetical  sum. 

Our  process  is  as  follows  : 

The  traces  of  the  magnetic  instruments  of  the  Washington  Observ- 
atory are  so  arranged  that  when  looking  at  the  curve  as  developed 
from  left  to  right,  beginning  at  about  12  o'clock  noon  and  ending  at 
the  next  12  o'clock  noon,  in  the  H  and  D  the  base  line  is  below  the 
trace,  but  in  V  it  is  jibove  the  trace.  The  introduction  to  the  volume, 
page  5,  gives  +1  millimeter  ordinate  =-[-.000048  0.  G.  8.  units  for 
H.  F;  -f-1  millimeter  ordinate  = -f- 1^.13  westerly  declination;  and 
-4-1  millimeter  ordinate  = —.000048  0.  G.  8.  units  for  V.  F.  Hence, 
laying  the  traces  before  us  from  left  to  right,  in  all  cases  of  residual 
ordinates  measured  from  the  curve  itself,  above  the  curve  means  a 
positive  change  or  increase  in  force,  and  below  the  curve  a  negative 
change  or  decrease  in  force. 

We  have  constructed  sets  of  normal  scales  for  each  month  to  facili- 
tate our  measurements.  The  material  on  which  they  are  made  is  sheet 
celluloid,  glazed  on  one  side  and  rough  on  the  other,  the  latter  being 
peculiarly  favorable  for  marking  with  common  ink.  The  celluloid  is 
cut  in  strips  somewhat  longer  than  the  daily  traces,  scratched  with 
three  parallel  lines  two  millimeters  apart,  there  being  three  such 
groups,  one  for  each  of  the  H,  D,  Y  residuals.  Upon  these  groups, 
counting  from  the  middle  line,  is  plotted,  one  for  each  hour  at  the 
proper  distances  corresponding  to  the  automatic  time  breaks  in  the 
base  line,  the  value  of  the  residuals  for  the  several  hours,  all  in  terms 
of  millimeters.  That  is,  the  values  of  JH,  JD,  JY,  as  given  in  the 
computation  of  the  diurnal  deflecting  curve,  are  changed  to  millimeters 
and  rearranged  in  the  following  order: 
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The  resulting  scale  for  March  consists,  therefore,  of  a  saccession  of  dots 
one  hoar  apart,  following  the  normal  diurnal  curve  of  the  month  in  H, 
D,  Y.  A  second  scale  is  copied  from  the  first  by  dotting  in  the  points 
as  saper|K>sed,  only  in  the  second  scale  the  parallel  lines  are  omitted. 

Having  thus  obtained  the  normal  scale,  the  problem  is  to  apply  it 
to  any  day  of  the  month.  This  scale  is  most  accurate  for  the  middle 
of  the  month.  If  another  be  formed  for  the  adjacent  months,  Febru- 
ary and  April,  these  will  differ  a  little  from  the  scale  for  March,  by  as 
much  as  the  diurnal  curve  of  one  mouth  deviates, from  its  neighbor, 
and  evidently,  by  proportion,  a  series  of  scales  can  be  formed  of  ac- 
curate application  to  any  given  day.  This  would  be  too  great  a  refine- 
ment for  our  purpose  just  now,  and  we  use  the  March  scale  throughout 
the  month.  If  the  curve  for  any  day  were  unaffected  by  causes  other 
than  those  which  produce  the  diurnal  curve,  then  the  trace  would 
agree  closely  with  the  curve  just  constructed.  But  wishing  to  elimin- 
ate this  id^al  curve  from  the  annual,  the  meteorological,  and  the  dis- 
turbance deflections,  our  method  is  as  follows : 

Oorresponding  to  any  given  hour  for  each  day  of  the  mouth,  accord- 
ing to  the  printed  page,  there  is  a  computed  value  of  absolute  measure 
in  H,  D,  y  to  which  that  ordinate  corresponds.  If  from  the  final  means 
of  the  month  (in  the  corner  of  the  pages)  a  value  of  the  annual  curve 
be  computed  by  plotting  on  a  diagram  and  reading  off  the  values  for 
the  intermediate  dates,  and  then  to  each  of  these  values,  one  for  each 
day,  the  mean  diurnal  values  for  the  month  be  added,  the  normal  diurnal 
values  for  that  day  are  obtained,  that  is,  those  several  values  which  the 
undeflected  daily  traces  should  have  read.  By  subtracting  the  actual 
readings  as  printed,  from  these  values  as  computed,  we  obtain  residual 
corrections  to  the  traces  to  find  the  normal  diurnal  curve.  Thus  we 
can  plot  down  normal  points  on  the  trace  sheets,  and  then  by  applying 
the  scales  to  a  few  of  these  points,  say  three  for  each  day,  the  true 
normal  position  of  the  undeflected  trace  stands  before  us,  with  which 
the  actual  trace  can  immediately  be  compared.  For  example,  here  is 
given  the  complete  computation  for  H  and  the  results  of  similiar  pro- 
cesses for  D  and  Y: 
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The  oolomn  ^^annual  H  "  gives  the  value  of  the  horizontal  force  for 
March  as  taken  from  the  plotted  carve;  12  o'clock  noon  and ,12  o'clock 
midnight  are  copied  from  the  absolute  valaes  of  H  for  these  hoars; 
'^residaal  "  means  the  ordinate  of  the  diurnal  deflection  curve  for  the 
respective  hours,  and  it  is  applied  as  a  correction  tp  annual  H  to  give 
tlie  ^^ corrected  value;"  the  '^difference"  is  obtained  by  subtracting 
the  "corrected  value"  from  the  "  12  o'clock"  readings;  under  H,  D, 
Y  oocar  the  corresponding  residual  ordinates  in  millimeters.  Similar 
residuals  oan  be  found  for  any  other  hours;  where  bracketed  values 
occur,  the  next  preceding  hour  was  taken,  in  case  the  12  o'clock  values 
are  missing  for  any  reason. 

The  curves  on  the  sheets  are  next  gone  over,  and  dots  are  placed 
above  or  below  the  magnetic  trace  to  show  for  at  least  three  points 
each  day  where  the  normal  curve  ought  to  have  been  located,  and  by 
matching  these  points  and  the  corresponding  points  on  the  scale  we 
see  the  relation  between  the  given  curve  and  the  theoretical  curve. 
Having  thus  practically  eliminated  the  annual  and  the  diurnal  deflec- 
tions, what  remains  is  to  be  attributed  to  the  meteorological  and  the 
disturbance  deflections.  It  is  seen,  (1)  that  the  daily  curves  tend  to 
sway  op  and  down  on  either  side  of  the  theoretical  curve,  this  being 
the  meteorological  effect,  (2)  that  the  disturbances  are  superposed  upon 
the  meteorological  trace;  hence  these  are  to  be  separated. 

The  second  dotted  scale  is  taken,  disregarding  now  all  our  previous 
processes,  and  it  is  laid  upon  the  daily  trace  so  as  to  match  as  perfectly 
as  possible  its  course  throughout  the  day,  this  on  some  days  being  a 
simple  matter.  The  position  of  this  scale  is  indicated  by  dashes  at  each 
end  of  the  day,  and  evidently  the  dashes  will  be  separated  from  the 
dots  set  there  by  the  previous  work,  according  to  the  trend  of  the  curve. 
The  end  dash  of  one  day  is  transferred  to  the  beginning  of  the  foUow- 
ing  day,  at  the  same  distance  from  its  dot,  and  this  forms  the  starting 
point  or  pivot  for  one  end  of  the  scale,  which  has  to  be  swung  upon  the 
day's  carve  by  best  judgment. 

In  this  way  each  day's  dashes  are  made  to  depend  mutually  upon  the 
preceding  and  the  following  day,  as  well  as  upon  the  curve  itself,  and 
it  is  surprising  bow  much  accuracy  of  setting  the  scale  can  be  attained 
in  spite  of  the  many  irregularities  of  the  curve,  because  there  are  in  the 
course  of  the  three  days  certain  parts  which  are  normal  so  far  as  the 
disturbances  are  concerned.  We  take  the  liberty  of  recommending  this 
treatment  of  observations,  because  it  goes  to  the  bottom  of  the  matter, 
at  least  so  far  as  the  specific  disturbances  are  concerned. 

Next,  the  two  scales  are  set  simultaneously  over  the  dots  and  the 
dashes,  and,  being  transparent,  the  curve  and  the  two  sets  of  dots  on 
the  scales  can  be  seen  all  together.  By  reading  off  the  differences  be- 
tween the  two  sets  of  dots  or  the  first  normal  dots  and  the  curve  itself, 
when  the  curve  runs  closely  to  the  dots  of  the  second  scale,  we  have  the 
meteorological  residual  ordinates  by  themselves,  freed  from  the  annual, 


36 


DISCUSSION    OF   MAGNETIC    OBSERVATIONS. 


the  diurnal,  and  the  distarbance  residuals.  Thus  have  we  distributed 
throughout  the  day  the  meteorological  mean  residuals  which  have 
already  been  used. 

Short  example  of  meteorological  residuals  between  two  scales, 
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By  careful  management  of  these  scales  there  can  be  made  a  very 
useful  set  of  reference  curves,  from  which  even  minute  studies  into 
the  changes  that  are  continuously  going  on  can  be  prosecuted,  and  as 
these  are  deflecting  forces  depending  upon  existing  physical  condi- 
tions, it  will  assist  greatly  in  the  solution  of  all  the  allied  problems. 

OBiaiN  OF  THE  DISTURB ANGBS. 

I  can  give  one  striking  illustration  of  this  fact  in  regard  to  the 
origin  of  the  disturbances  that  have  been  so  long  under  consideration. 
By  matching  one  dotted  scale  to  the  curve,  as  above  suggested,  it  is 
seen  that  on  certain  days,  for  several  consecutive  hours  the  trace  is 
swept  away  from  the  dots  in  a  pronounced  manner,  during  periods  of 
disturbance.  Now,  measuring  off  the  residual  disturbance  ordinates, 
and  combining  them  as  in  the  other  cases,  we  find  the  «,  a,  fi  correspond- 
ing to  them,  that  is,  the  force,  and  the  direction  from  which  it  came, 
that  effected  the  displacement  of  the  curve.  Having  computed  about 
twenty  such  periods  of  disturbance,  obtained  the  coordinates  of  the 
deflecting  force,  transferred  them  to  another  ball  with  pins,  it  is  seen 
that  instead  of  coming  from  all  quarters  in  space,  they  originate  in 
three  directions,  one  perpendicular  to  the  plane  of  the  ecliptic,  one 
towards  the  sun,  and  one  in  the  direction  of  the  orbital  motion  of  the 
earth.  These  directions  are  all  of  them  modified,  as  they  should  be, 
for  the  curvature  of  the  lines  of  force,  as  if  the  earth  were  an  absorb- 
ing conductor  in  uniform  fields;  and  because  the  earth  is  rotating  in 
these  fields,  the  radiant  and  the  orbital  fields  show  the  accompanying 
retardation  in  a  complete  manner.    This  distribution  maybe  regarded 
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as  a  case  of  magnetic  refraction,  and  as  the  analytical  solntion  of 
the  conditions  is  extremely  difficnlt,  this  may  be  the  best  way  to 
secare  a  practical  set  of  formulsB.  Unless  further  computations  pro- 
dace  conflicting  evidence,  these  facts  most  be  taken  as  testimony  of 
great  importance  in  regard  to  onr  general  view  of  the  subject  in  its 
cosmical  relations.  An  example  from  each  of  these  three  fields  is  ap- 
pended. The  disturbance  residuals  are  so  large,  in  reference  to  the 
margin  of  doubt  in  setting  the  scale  (that  is,  one-half  a  millimeter),  as 
to  admit  of  no  question  as  to  the  meaning  of  the  results. 

Ditturhanct  of  March  17-18,  1889,  originating  in  the  coronal  field. 
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JHsturbance  of  September  22,  1889,  originating  par tli/  in  the  radiant  fi^ld. 
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The  coroDal  field  is  most  clearly  defined,  the  direction  of  the  forces 
being  persistent,  and  the  whole  field  exhibiting  activity  throughout 
the  twenty-four  hours.  By  introducing  this  force  into  the  formulsB, 
already  given  in  previous  papers,  some  knowledge  of  the  originating 
forces  at  the  surface  of  the  sun  may  be  computed;  also  by  studying 
these  disturbances  we  shall  have  a  more  sensitive  guide  to  the  fluctua- 
tions of  the  solar  forces  than  has  been  gained  through  observations  of 
the  sun  spots,  faculse,  etc. 

The  orbital  field  is  more  of  a  mystery.  It  exists  only  on  the  dark 
side  of  the  earth,  and  shows  some  diversity  of  direction,  arising  from 
the  fact,  probably,  that  it  is  a  weaker  field,  which,  if  originating  in 
induction  at* the  surface  of  the  earth,  as  is  likely,  is  subject  to  more 
conflicting  impulses.  It  is  thrown  backward  about  23^  by  the  rota- 
tion of  the  earth*on  its  axis,  and  in  some  parts  of  it  the  forces  are  par- 
allel to  each  other,  even  when  derived  from  dates  that  are  months 
apart. 

The  radiant  field  is  the  least  important  of  the  three,  and  it  may  not 
be  a  true  disturbance  field  of  itself,  but  only  a  reassertion  of  the  deflec- 
tions that  produce  the  diurnal  variations.  At  certain  local  hour  angles 
there  is  seen  a  conflict  between  these  different  fields,  depending  upon 
the  relative  strength  of  those  in  action,  and  this  is  evident  by  the  un- 
certainty of  direction  among  the  pins  representing  these  forces.  Such 
hours  may  be  mentioned  at  3  p.  m.-5  p.  m.  and  5  a.  m.-7  a.  m., 
that  is,  along  the  places  where  the  radiant  magnetic  field  falls  tangent 
to  the  surface  of  the  earth. 

On  January  5, 1892,  there  was  registered  at  the  Washington  Mag- 
netic Observatory  the  impulses  of  a  strong  magnetic  disturbance.  Upon 
applying  to  the  traces  the  analysis  and  the  computations  described 
above,  it  appeared  to  exhibit  so  excellent  an  example  of  some  of  the 
conclusions  stated  in  this  paper  that  the  data  and  illustrations  of  it  are 
now  given. 

The  traces  of  H,  D,  and  Y  are  copied  directly  from  the  magnetograph 
curves.  They  begin  at  12  o'clock  noon  January  5th  and  extend  to  the 
following  midnight.  The  forces  concerned  in  producing  these  impulses 
are  so  strong  that  the  direction  in  space  from  which  they  cfame  must 
be  regarded  as  well  determined.  The  total  magnetic  force  of  the  earth's 
field  at  Washington  being  taken  as  0.61400  0.  O.  S.  units,  the  maxi- 
mum deflecting  force  imposed  upon  it  was  about  0.00250  G.  O.  S.,  or 
one  two  hundred  and  forty-sixth  i^^)  of  the  permanent  field.  The 
resulting  deflecting  forces  when  transferred  to  a  globe  placed  in  the 
approximate  astronomical  position  occupied  by  the  earth  for  January 
5,  show  clearly  the  presence  of  two  magnetic  fields,  one  directed  to- 
wards the  sun,  undergoing  the  usual  magnetic  refraction  belonging  to 
the  diurnal  variations,  as  already  indicated;  the  other,  and  this  the 
true  disturbance  field,  perpendicular  to  the  plane  of  the  ecliptic.  At 
certain  points  the  inter-play  between  these  two  fields  is  shown,  but 
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the  marked  character  of  the  direction  of  the  forces  cannot  be  disre- 
garded. The  field  perpendicular  to  the  ecliptic  occurs  from  12  noon  to 
3.20  p.  m.,  from  5  p.  m.  to  6.40  p.  m.,  and  from  8  p.  m.  to  10  p.  m.  On 
the  snnny  side  of  the  earth  the  direction  is  from  south  to  north,  on  the 
dark  side  from  north  to  south,  indicating  an  oscillation  in  opposite 
directions  along  the  same  line.  The  diurnal  field  occurs  from  3.40  p. 
m.  to  5  p.  m.  and  from  7  to  7.30  p.  m.,  according  to  the  regular  system. 
From  10.30  p.  m.  there  sets  in  another  field  on  the  dark  side  of  the 
earth. 

It  seems  then  that  the  existence  of  the  two  fields,  one  parallel,  and 
the  other  per[>endicular,  to  the  ecliptic,  the  former  continuously  acting 
and  the  other  spasmodic  in  its  operation,  can  hardly  be  doubted.  The 
treatment  of  the  problem  thus  developed  has  the  merit  of  wholly  elimi- 
nating the  action  of  the  i)ermaneut  magnetism  of  the  earth  from  the 
data,  leaving  us  free  to  discuss  the  disturbances  and  variations  as  an 
independent  topic. 

Disturbance  of  January  5,  1892. 
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<r,  8 J  ay  ^  are  computed' by  the  formulsB, 

a,  the  altitude  of  the  deflectiug  force  from  the  horizon,  ' 

fiy  the  azimuth  of  the  same  from  the  magnetic  meridian  in  the  direc- 
tion n.,  w.,  8.,  e,y 

«,  the  deflecting  force,  in  units  of  the  fifth  decimal  place. 

The  globe  is  viewed  from  a  point  in  the  ecliptic  opposite  the  six-hour 
circle,  counted  from  noon,  and  is  seen  to  represent  its  approximate 
position  for  January  5. 

There  is  another  method  of  accounting  for  the  deflecting  forces  which 
act  during  the  disturbances,  so  far  as  concerns  their  directions.  The 
radiant  field  on  entering  the  earth  through  its  peculiar  curvature 
divides  itself  into  two  portions,  one  characteristic  of  the  polar  regions, 
and  defined  by  the  action  of  a  magnet  nearly  at  right  angles  to  the 
direction  of  the  field;  the  other  characteristic  of  the  lower  latitudes, 
and  specified  as  simply  a  case  of  magnetic  refraction.  Now,  when  the 
solar  energy  intensifies,  the  radiant  field  in  transmitting  this  energy 
strengthens  and  spreads  the  true  polar  field  downwards  over  the  nor- 
mal low  latitude  field  temporarily,  so  that  during  disturbances  we  have 
an  alternate  action  of  these  two  fields. 

Thus,  in  the  illustration,  the  first  eight  pins  on  the  left  belong  to  the 
polar  field  on  the  light  side  of  the  earth,  and  act  upwards;  the  next 
four  pins  are  where  the  disturbance  force  is  lessened  and  the  normal 
emergent  field  by  refraction  resumes  its  supremacy ;  then  we  have  four 
more  pins  where  the  polar  field  is  again  intensified ;  next  there  are 
three  pins  where  the  entering  forces  of  the  radiant  field  appear,  and 
are  really  continuous  with  the  four  forces  of  the  radiant  field  just  de- 
scribed; then  come  five  pins  with  heads  on,  standing  for  the  forces  of 
the  polar  field  on  the  dark  side  of  the  earth,  which,  in  this  case,  must 
act  downwards;  finally,  the  four  sharp  pins  represent  the  increased 
activity  of  the  normal  terrestrial  field,  which,  at  this  latitude,  has  a 
dip  of  about  71°,  and  which  may  express  the  energy  impressed  upon 
the  total  permanent  system  of  the  earth  by  the  antecedent  stages  of  the 
induction.  The  peculiar  distribution  is  such  as  to  be  referred  with  equal 
probability  to  either  the  coronal  or  the  radiant  fields,  but  it  will  be 
necessary  to  undertake  a  more  extensive  discussion  of  the  systems  of 
disturbances  before  this  can  be  finally  settled. 

Washington,  D.  C,  April  22, 1892. 
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THE    RELATIONS    OF    SOIL   TO    CLIMATE. 


Since  soils  are  the  residual  product  of  the  action  of  meteorological 
agencies  upon  rocks,  it  is  obvious  that  there  must  exist  a  more  or  less 
intimate  relation  between  the  soils  of  a  region  and  the  climatic  condi- 
tions that  prevail,  or  have  prevailed  therein.  It  is  the  object  of  this 
paper  to  discuss,  both  from  the  theoretical  and  practical  standpoint, 
some  of  the  more  important  phenomena  dependent  upon  this  correla- 
tion, and  their  effects  upon  the  agricultural  peculiarities  of  the  chief 
climatic  subdivisions. 

In  order  to  render  this  discussion  intelligible  to  the  general  reader 
it  will  be  best  to  summarize,  as  briefly  as  may  be,  the  several  agencies 
that  contribute  toward  the  process  of  soil  formation  from  rocks  and 
their  decomposition  products. 

THE  PROCESSES  OF  SOIXi  FORMATION. 

HOW  SOILS  ARE  FORMED. 

a.  Mechanical  agencies. — The  chief  meehanioal  agencies  con- 
cerned are  the  following,  mentioned  in  the  order  in  which  they  usually 
follow  one  another  in  nature  : 

1.  Effects  of  changes  of  temperature j  whereby  the  several  minerals  of 
which  many  rocks  are  composed  are  differently  affected,  so  that  their 
close  adhesion  is  gradually  weakened,  and  minute  cracks  are  formed 
which  give  access  to  water  and  air,  and  to  the  small  rootlets  of  plants. 

2.  Effects  of  freezing  watery  which  widen  still  farther  the  minute 
crevices  by  its  irresistible  expansion,  and  in  the  case  of  the  larger 
cracks  rend  rock  masses  into  fragments,  thus  increasing  the  surfaces 
exposed  and  facilitating  the  removal  of  the  rock  from  its  original  site, 
whether  by  gravity,  moving  water,  or  wind. 

3.  Effects  of  moving  or  flowing  ice  (glaciers).  While  at  present  con- 
fined to  relatively  limited  areas,  yet  the  powerful  action  of  glaciers  in 
grinding  rocks  to  fine  powder,  from  which  soils  form  with  great  rapid- 
ity, renders  this  agency  of  great  importance  even  at  the  present  time; 
while  in  the  past  the  enormous  areas  known  to  have  been  glaciated 
are  covered  largely  with  soils  produced  by  this  process  conjointly  with 
that  of  the  water  resulting  from  the  melting  of  the  ice.  The  rocks 
carried  on  the  surface  of  glaciers  are  subject  in  the  highest  degree  to 
the  effects  of  changes  of  temperature,  becoming  intensely  heated  dar- 
ing clear  days  by  the  sun's  rays  when  unaffected  by  the  denser  portions 
of  the  atmosphere,  and  at  night  again  subjected  to  Ax>st.    These  fre- 
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qnent  and  violent  changes  assist  greatly  the  merely  mechanical  grind- 
ing and  abrading  process  resulting  from  the  ice  movement,  both  on  the 
surface,  within  the  ice  mass  (in  the  '^  crevasses"),  and  on  the  lower 
surface,  which  in  the  course  of  time  becomes  lined  with  stones  that 
score  the  rocky  bed  with  deep  furrows.  Hence  glacier  streams  are 
always  notable  for  the  large  proportion  of  very  fine  rock  powder  carried  f 

by  them.  ' 

4.  The  effects  of  flouring  water  are  doubtless  at  this  time  the  most 
potent  agencies  of  soil  formation.  Apart  from  the  mere  removal  of 
loose  materials  from  one  point  to  another,  its  effects  in  carrying  sand, 
gravel,  and  bowlders,  according  to  velocity  and  volume,  are  prodigious. 
For  these  rock  fragments  not  only  score  the  bed  of  the  stream  or  rill ,  \ 

but  by  their  mutual  attrition  and  abrasion  produce  more  or  less  of  fine 
powder  similar  to  that  produced  by  glacial  action,  but  usually  much 
more  mixed  in  its  ingredients,  because  derived  from  a  wider  range  of 
surface.  ^^ Alluvial  "  soils  thus  formed  are  usually  the  most  general- 
ized in  composition,  while  the  ^^coUnvial"  soils  of  rolling  uplands  and 
slopes  generally,  are  commonly,  like  those  derived  from  glaciers,  more 
of  a  localized  character. 

ft.  Chemical  agencies. — ^The  chemical  processes  that  contribute 
essentially  to  the  formation  of  soils  are  these: 

1.  Solution  by  water  alone. — Since  few  substances  known,  and  espe- 
cially few  of  those  forming  rocks,  are  entirely  insoluble  even  in  pure 
water,  while  some  (like  gypsum)  are  easily  dissolved  in  the  latter, 
even  rain-water  carries  these  effects  with  it  wherever  it  falls.  But 
practically  no  pure  water  is  found  in  nature,  and  it  has  required  the 
utmost  refinements  of  apparatus  and  manipulation  to  obtain  it  even 
artificially.  The  impurity  which  it  almost  invariably  carries  is  an  ap- 
parently weak,  but  in  its  ultimate  effects  very  powerful,  agent,  viz. : 

2.  Carbonic  acid. — ^The  acid  of  "  soda  water,"  produced  naturally  by 
all  processes  of  decay,  fermentation,  and  slow  or  rapid  combystion  of 
vegetable  and  animal  substances,  coal,  etc.,  as  well  as  by  the  breathing 
of  animals.  Being  contained  in  the  air,  this  acid  gas  is  absorbed  in 
rain  water  and  imparts  to  it  additional  solvent  properties;  being  con- 
tinually generated  in  the  soil  by  the  decay  of  the  vegetable  matter,  it 
renders  the  soil  water  a  relatively  strong,  acid  solvent,  which  acts 
steadily  upon  the  mineral  matters  of  the  soil  and  decomposes  them 
still  further,  rendering  their  ingredients  available  for  the  nutrition  of 
plants. 

3.  The  oxygen  of  the  atmosphere  is  active  not  only  as  taking  part  in 
the  formation  of  carbonic  acid,  but  also  directly,  in  its  action  upon 
certain  ingredients  of  rock  minerals,  notably  the  iron  compounds. 
Most  green  and  black  minerals  contain  iron  in  a  form  (protoxide)  which 
is  capable  of  taking  up  more  oxygen  when  opportunity  is  afforded. 
This  occurs  when  carbonic  acid  water  acts  on  the  minerals  containing 
the  iron;  the  latter  is  then  often  completely  eliminated  in  the  form  of 
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<<nist"  (ferric  hydrate),  causing  the  minerals  and  rocks  to  change 
their  color  from  green  or  black  to  yellow  or  reddish,  and  by  the  increase 
of  balk  softening  or  pulverizing  the  rock ;  while  at  the  same  time  the 
carbonic  acid  dissolves  and  carries  off,  in  water  solution,  a  large  pro- 
portion of  the  other  ingredients. 

4.  In  some  cases,  wat^  enters  directly  into  combination  with  the 
substances  present  or  newly  formed;  thus  increasing  the  bulk  of  the 
mass  and  forcibly  rending  the  original  structure.  This  happens  in  the 
formation  of  clay  from  feldspars,  of  gypsum  from  the  mineral  anhy- 
drite, in  the  changing  of  black  '^  ferrous  "  minerals  into  rusty  brown, 
and  in  numerous  other  cases. 

Weathebing  and  fallowing.— Thus  the  combined  chemical 
action  of  water,  carbonic  acid,  and  oxygen,  facilitated  by  the  mechani- 
cal pulverization  of  the  rocks,  is  most  potent  and  constantly  active  in 
disintegrating  both  rocks  and  soils.  Aside  from  the  purely  mechanical 
action  of  flowing  water  and  ice,  the  effects  of  all  the  above  agencies  are 
comprehended  under  the  term  '<  weathering,"  and  in  agricultural  prac- 
tice, "  fallowing." 

classification  of  soils. 

According  to  the  predominance  of  the  several  agencies  enumerated, 
the  soils  resulting  from  their  action  may  be  classified  into  three  chief 
divisions,  viz. : 

1.  Sedentary  ob  besidual  soils,  or  soils  in  place,  which  result 
from  the  quiet  action  of  changes  of  temperature,  frost,  etc.,  in  pulver- 
izing the  parent  rock,  together  with  the  solvent  action  of  water  charged 
with  carbonic  acid  and  oxygen,  but  without  any  removal  from  the  site 
of  the  original  rock. 

2.  Tbanspobted  soils,  which  have  been  more  or  less  removed  from 
their  original  source,  prevalently  by  the  action  of  water,  but  also  by  the 
aid  of  gnavity  and  winds.  They  naturally  subdivide  into  two  primarily 
important  and  universally  recognized  subdivisions,  viz. : 

a.  CoUumal  soils,  consisting  of  materials  that  have  been  transported 
short  distances  only  and  have  not  undergone  any  sedimentation  or 
stratification  in  flowing  water  of  watercourses,  and  the  distribution  of 
which  bears  no  obvious  relation  to  the  latter.  They  may  therefore 
contain  debris  of  all  sizes  more  or  less  uniformly  distributed  through 
their  mass;  and  they  form  the  bulk  of  upland  and  slope  soils.  In  the 
regions  covered  by  glacial  drift,  their  materials  may  have  come  from 
great  distances;  but  still  the  soil  mass  is  destitute  of  any  definite 
structure,  such  as  belongs  to-« 

b.  Alluvial  or  sediment  soils,  which  have  been  deposited  in  and  from 
flowing  water,  therefore  occupy  areas  distinctly  related  to  present  or 
former  watercourses  or  lakes,  and  have  a  more  or  less  distinct  strati- 
fled  or  bedded  structure,  according  to  the  nature  of  the  depositing  cur-* 
rent  or  basin.    The  alluvial  class  therefore  includes  all  '<  bottom  "  and 
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<^  second  bottom^  valley  soils,  as  well  as  those  of  ancient  or  modem 
lakes  and  swamps. 

It  is  hardly  necessary  to  say  that  between  these  several  classes  of 
soils  there  is  every  degree  of  transition,  and  that  it  is  frequently  it 
matter  of  choice  whether  a  given  soil  shall  be  considered  as  belonging 
to  one  or  the  other  class.  This  is  especially  true  of  the  older  allnvial 
soils,  many  of  which  in  the  coarse  of  time  have  virtually  become  up- 
land soils  by  the  subsidence  of  the  water  or  the  rising  of  the  land  and 
its  consequent  erosion  into  hills.  The  great  plains  of  the  West,  and 
many  of  the  <^mesa  "  lands  of  the  continental  interior  and  Pacific  coast 
of  America,  are  instances  in  point,  and  so  are  the  ancient  river  terraces 
now  lying  high  above  the  present  flood-plains. 

PHYSICAL  NATURE  OF  SOILS. 

Speaking  in  the  most  general  terms,  all  soils  may  be  considered  as 
consisting  of  more  or  less  finely  powdered  and  decomposed  rock  (sand, 
silt),  olay^  and  vegetable  matter  changed  to  greater  or  less  extent  to- 
ward the  condition  of  humus  or  vegetable  mold.  The  relative  pro- 
portions of  these  three  principal  physical  constituents  determine  the 
most  general  classification  of  soils  according  to  their  nature;  as  sandy 
or  light^  clayey  or  heavy^  and  humus.  Beyond  these,  the  degree  of 
fineness  of  the  rock  debris  and  their  chemical  and  physical  constitution 
determines  distinctions  such  as  gravelly,  sandy,  silty,  loamy,  calcare- 
ous, siliceous,  magnesian,  ferruginous,  and  others  of  less  general  ap- 
plication although  locally  often  of  considerable  importance. 

CLIMATIC  FACTORS  THAT  MODIFY  SOILS. 
INFLUENCE   OF  TEMPERATURE  ON  SOIL  FORMATION. 

.  Within  the  ordinary  limits  of  atmospheric  temperatures,  all  the 
chemical  processes  active  in  soil  formation  are  intensified  by  high  and 
retarded  by  lov  temperatures,  all  other  conditions  being  equal.  We 
can  artificially  imitate  and  produce  in  a  short  time,  by  the  application 
of  high  temperatures,  most  of  the  chemical  changes  that  naturally 
occur  in  soil  formation. 

This  being  true  we  should  expect  that  the  soils  of  tropical  regions 
should,  broadly  speaking,  be  more  highly  decomposed  that  those  of  the 
temperate  and  frigid  zones.  While  this  fact  has  not  been  actually 
verified  by  the  direct  comparative  chemical  examination  of  correspond- 
ing soils  from  the  several  regions,  owing  to  the  want  of  uniformity  in 
methods  and  the  fewness  of  such  investigations  in  tropical  countries, 
yet  the  incomparable  luxuriance  of  the  natural  as  well  as  artificial 
vegetation  in  the  tropics,  and  the  long  duration  of  productiveness  * 

''^A  special  case  in  point  is  that  of  the  fertile  tract  of  volcanic  soils  extending  between 
the  cities  of  Guatemala  and  Antigua,  that  have  been  cultivated  from  the  earliest  times  of 
•  settlement.     When  fresh  these  lands  jrielded  about  76  bushels  of  maize.    They  have  now 
f^len  off  to  16  to  20  bushels,  but  it  has  taken  centuries  to  bring  about  this  change. 
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that  favors  so  greatly  the  proverbial  easy-going  ways  and  slothfalness 
of  the  popolatiou  of  tropical  countries,  offers  at  least  presumptive  evi- 
dence of  the  practical  correctness  of  this  induction.    In  other  words, 
the  fallowing  action,  which  in  temperate  regions  takes  place  with 
comparative  slowness,  necessitating  the  early  use  of  fertilizers  on  an 
extensive  scale,  has  been  much  more  rapid  and  effective  in  the  hot 
climates  of  the  equatorial  belt,  thus  rendering  available  so  large  a  pro- 
portion of  the  soil's  intrinsic  stores  of  plant  food  that  the  need  of  arti- 
cial  fertilization  is  there  restricted  to  those  soils  of  which  the  parent 
rocks  were  exceptionally  deficient  in  the  mineral  ingredients  of  special 
importance  to  plants,  that  ordinarily  form  the  essential  material  of 
fertilizers.    Quartzose,  magnesian,  and  other  soils  resulting  from  the 
decomposition  of  ^^  simple  "  rocks  will  everywhere  be  poor  in  plant  food ; 
again,  the  intense  decomposing  or  fallowing  effect  of  tropical  climates 
may  be  offset  by  an  equally  intense  leaching  process  in  consequence  of 
copious  rainfall.    An  example  of  this  apparently  occurs  in  the  Ha- 
waiian Islands,  in  the  highly  ferruginous  soils  resulting  from  the  de- 
composition of  the  black  (hornblendic)  lavas  that  are  so  characteristic 
of  the  volcanic  effusions  of  that  region.    The  soils  formed  from  these 
are  sometimes  so  rich  in  ferric  hydrate  (iron  rust)  that  they  might  well 
serve  as  iron  ores  elsewhere ;  often  having  from  30  to  40  per  cent,  of 
that  snbstance.    But  as  these  soils  are  very  unretentive,  though  very 
productive  at  first,  they  are  soon  exhausted ;  the  abundant  rains  hav- 
ing apparently  deprived  them  of  almost  every  vestige  of  lime,  and  of 
most  of  the  potash  contained  in  the  original  rock.    To  return  lime  to 
them  would  seem  to  be  the  first  thing  needful  in  restoring  their  produc- 
ing powers,  and  the  coral  sand  of  the  beaches  would  offer  a  cheap  source 
of  supply  of  that  substance.    A  more  detailed  discussion  of  some  of 
these  points  is  given  further  on. 

INFLUENOB  OF  BAINFALL  ON   SOIL-FORMATION. 

• 

Since  water  is  the  prominent  agent  in  the  process  of  soil  formation, 
it  follows  that  the  variations  in  its  supply,  in  other  words,  the  greater 
or  less  amount  of  rainfall,  must  affect  materially  that  process.  In  ad- 
dition, and  especially  in  connection  with  the  rainfall,  the  temperature 
conditions,  already  referred  to,  and  the  manner  of  distribution  of  rains 
through  the  se4isons  in  connection  therewith,  are  potent  factors. 

Leaching  of  the  land. 

One  of  the  most  obvious  results  of  an  abundant  rainfall  is  the  leach- 
iDg-ont  of  the  more  soluble  portion  of  the  rock  constituents  that  have 
been  formed  or  set  free  by  the  process  of  weathering. 

The  extent  to  which  this  leaching  occurs  depends  of  course  largely 
upon  the  perviousness  of  the  soil  material  to  water;  it  is  greatest  in 
^Heachy  "  soils,  t.  6.,  those  in  which  not  only  the  surface  layer  but  also 
the  substrata  are  so  coarsely  sandy  as  to  permit  a  very  rapid  passage 


14  RELATIONS   OF   SOIL   TO   CLIMATE. 

of  water  in  all  direotions.  From  this  extreme,  through  sandy  and 
clayey  loams  to  heavy  clay  soils,  there  is  every  gradation  of  pervious- 
ness  to  almost  impermeability.  Whatever  water  falls  on  the  latter 
class  of  soils  will  largely  run  off  from  the  surface,  hence  cannot  leach 
out  of  them  what,  in  the  case  of  ^^  lighter  "  soils,  is  carried  currently 
into  the  couutry  drainage. 

Oomposition  of  sea  water. 

The  usual  nature  of  the  substances  so  leached  out  is  well  illustrated 
in  the  salts  of  sea-water,  which  represent  the  generalized  result  of 
countless  ages  of  this  leaching  process. 

Mean  composition  of  sea  water  {according  to  RegnauU)» 

Sodium  chloride  (common  salt) 2.700 

Potassium  chloride 070 

Calcium  sulphate  (gypsum) -140 

Magnesium  sulphate  (Epsom  salt) 230 

Magnesium  chloride  (bittern) 360 

Magnesium  bromide , 002 

Calcium  carbonate  (limestone) 003 

Water  (and  Iohs  in  analysis) 96.4^5 

100.000 

The  average  saline  contents  of  sea  water  would  thus  be  3.505  per 
cent.  In  twenty-one  determinations  of  the  saline  contents  of  the  At- 
lantic Ocean,  the  percentage  ranged  from  3.506  to  3.710  per  cent.  Of 
this  mineral  residue,  common  salt  constitutes  from  about  75  to  over  80 
per  cent. 

We  see  that  most  prominent  among  the  ingredients  mentioned  here 
is  common  salt  (sodium  chloride),  which  forms  nearly  four-fifbhs  of  the 
total  solid  contents.  Next  in  quantity  are  the  compounds  of  magne- 
sium, viz.,  Epsom  salt  and  bittern,  with  a  very  small  amount  of  the 
bromine  compound.  Next  come  the  compounds  of  calcium  (lime),  of 
which  gypsum  is  the  more  abundant,  while  the  carbonate,  so  abundant 
on  the  land  surface  in  the  various  forms  of  limestone,  is  present  in 
minute  amounts  only,  yet  enough  to  supply  the  substance  needed  for 
the  shells  of  shellfish,  corals,  etc.  Least  in  amount  of  the  metallic 
elements  mentioned  is  potassium,  which,  like  sodium,  exists  mainly  in 
combination  with  chlorine.  Calculating  the  total  amounts  of  the  lat- 
ter substanqe,  we  find  that  it  exceeds  in  weight  any  one  other  element 
present  in  the  salts  of  sea  water,  being  two-sevenths  of  the  whole 
amount. 

Substantially  the  same  result,  with  variations  due  to  local  causes, 
is  obtained  when  we  consider  the  saline  ingredients  of  takes  having  no 
outlet,  and  in  which  therefore  the  leachings  of  the  tributary  land  area 
have  accumulated  for  ages.  The  Great  Salt  Lake  of  Utah,  the  laud- 
locked  lakes  of  the  Nevada  basin,  of  California,  Oregon,  and  of  the 
deserts  of  Asia^  Africa,  and  Australia,  all  tell  the  samo  tale,  which 
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may  be  summarized  in  tbe  statement  that  the  chlorides  of  sodium  and 
magnesium  and  the  sulphates  of  sodium,  magnesium,  and  calcium 
constitute  the  bulk  of  the  leachings  of  the  land,  while  of  other  sub- 
stances potassium  alone  is  present  in  relatively  considerable  amount. 

While  tbe  above  analysis  shows  the  ingredients  of  sea  water  so  far 
as  they  can  at  present  be  directly  determined  by  chemical  analysis,  yet 
the  presence  of  many  others  is  demonstrable,  directly  or  indirectly, 
from  various  sources.  One  is,  the  mother  waters  from  the  making  of 
sea  salt,  in  which  such  substances  accumulate  so  as  to  become  ascer- 
tainable by  chemical  means,  and  even  become  industrially  available  in 
the  cases  of  potash  and  bromine.  Another  is  the  ash  of  seaweeds, 
which  is  indisputably  derived  from  tbe  sea  water,  and  contains,  among 
other  substances  not  directly  demonstrable  in  the  original  water,  nota- 
ble quantities  of  iodine  (of  which  this  ash  is  the  commercial  source), 
iron,  manganese,  and  phosphoric  acid.  Again^  the  copper  sheath- 
ing of  vessels,  as  it  is  generally  corroded,  becomes  more  or  less  rich  in 
silver,  manifestly  thrown  down  from  the  sea  water,  and  the  silver  so 
obtained  is  associated  with  minute  amounts  of  gold.  Copper,  lithium, 
and  fluorine  likewise  have  been  found  in  sea  water;  and  it  is  probable 
that  close  search  would  detect  very  many  of  the  other. chemical  ele- 
ments as  ordinary  ingredients  in  minute  amounts.  This  is  what  must 
be  expected  from  the  fact  that  few  mineral  substances  known  to  us  are 
entirely  insoluble  in  pure  water,  and  still  fewer  in  water  charged  with 
carbonic  acid.  The  latter  is  always  present  in  sea  water'  and  holds  the 
hme  carbonate  in  solution;  on  evaporation  or  boiling,  this  substance 
is  the  first  to  be  precipitated;  and  thin  sheets  of  limestone  from  this 
source  are  commonly  found  at  the  base  of  rock-salt  beds,  which,  them- 
selves, are  evidently  the  result  of  the  evaporation  of  segregated  bodies 
of  sea  water  in  past  geological  ages. 

Summing  up  the  facts  concerning  the  water  of  the  sea  and  of  land- 
locked lakes,  with  reference  to  tbe  ingredients  of  soils  needful  for  the 
nutrition  of  plants,  it  appears  that  the  rock  ingredients  leached  out  in 
the  largest  amounts  are  those  of  which  the  smallest  quantities  only  are 
required  by  most  plants;  while  of  those  specially  needful  for  plant 
nutrition,  only  potash  is  removed  in  practically  appreciable  amounts  by 
the  country  drainage. 

Ifisufflcient  rainfall. 

When,  however,  the  rainfall  is  either  in  total  quantity  ^or  in  its  distri- 
bution, insufficient  to  effect  this  leaching,  the  substances  that  otherwise 
would  have  passed  into  the  sea  are  wholly  or  partially  retained  in  the  soil 
stratum  and  when  in  sufficient  amount  may  become  apparent  on  the 
surface  in  the  form  of  efflorescences  of  '^  alkali "  salts.  The  presence 
of  the  latter  is  therefore  almost  always  an  indication  of  scanty  rainfall, 
and  of  other  important  peculiarities  which  will  be  considered  more 
fully  hereafter. 
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INFIiUENCB  OF  ClilMATIC  CONDITIONS  LTPON  THE  PHY8I- 

CAIi  CHARACTER  OF  SOIL.8. 

While  it  is  not  possible  to  separate  strictly  the  physical  or  me- 
chanical from  the  always  more  or  less  concurrent  chemical  differences 
caused  by  climatic  influences,  some  general  considerations  on  the 
former  should  precede  the  discussion  of  the  latter  class. 

EFFECTS  OF  ARID  AND  HUMID  CLIMATES  ON  THE  FORMATION  OF 

CLAY. 

One  of  the  most  important  modifications  produced  by  scantiness  of 
rainfall  on  soil  formation  is  the  great  retardation  of  the  formation  of 
clay  from  feldspathic  rocks  (kaolinization)  and  the  sediments  derived 
therefrom.  An  often-quoted  example  of  this  influence  is  that  of  the 
quarries  of  Syene  in  Upper  Egypt,  where  most  of  the  great  monoliths 
employed  in  the  construction  of  the  monuments  and  temples  of  Egypt 
were  obtained.  In  this  quarry,  which  has  not  been  worked  for  at 
least  two  thousand  years,  the  rough  blocks  that  were  in  progress  of 
quarrying  when  the  work  was  finally  abandoned  are  said  to  show  an 
almost  perfectly  fresh  surface  to  this  day;  and  a  well-preserved  sur- 
face is  also  shown  by  the  obelisks  and  pillars  made  of  the  same  ma- 
terial and  transported  to  lower  Egypt,  where,  however,  the  rainfall  is 
somewhat  greater.  It  is  a  matter  of  public  note  that  one  of  these 
monuments  (Cleopatra's  Needle)  for  some  time  set  up  in  the  Cen- 
tral Park  at  New  York,  is  in  great  danger  of  destruction  from  the 
influence  of  a  totally  different  climate,  in  which  not  only  the  rainfall 
but  the  temperature  changes  are  very  much  greater  than  in  Egypt. 
Both  factors  combined  will,  of  course,  prove  even  more  destructive 
than  one  alone  would  be,  for  a  change  of  temperature  that  has  resulted 
in  the  opening  of  fine  cracks  at  the  joints  of  the  mineral  components, 
if  followed  by  a  rain  and  a  subsequent  freeze,  may  produce  a  greater 
effect  in  a  few  days  than  a  thousand  years  of  Egyptian  climate  would 
have  accomplished.  In  the  case  of  the  obelisk  at  New  York,  the  physi- 
cal effects  just  mentioned  are  doubtless  the  chief  factors  of  destruction ; 
while  the  chemical  process  of  kaolinization  is  too  slow  to  be  noticeable 
at  once,  although  it  is  clear  that  it  will  be  enormously  accelerated  by 
the  breaking-up  of  the  rock  caused  by  the  purely  physical  agencies. 

A  similar  contrast  is  found  in  comparing  the  granitic  rocks  of  the 
southern  Alleghauies  with  the  corresponding  rocks  in  the  arid  plateau 
region  west  of  the  Rocky  Mountains,  as  well  as  in  California  and 
Arizona.  The  sharpness  of  the  ridges  of  the  Sierra  Madre,  and  the 
roughness  of  the  hard  granitic  surfaces,  contrasts  strikingly  with  the 
rounded  ranges  formed  by  the  '^  rotten  "  granites  of  the  Atlantic  slope, 
where  sound,  unaltered  rock  can  sometimes  not  be  found  at  a  less 
depth  than  forty  feet.  What  is  true  of  granite  holds  correspondingly, 
of  course,  in  the  case  of  other  rocks. 

The  inference  is  that  a  corresponding  difference  should  manifest 
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iteelf  in  the  soils  formed  ander  the  iuflnence  of  these  diverse  climatic 
conditions;  and  even  the  most  cursory  observation  shows  this  to  be 
the  case.  The  result  may  be  expressed  in  the  general  statement,  that 
while  the  soils  of  the  Atlantic  slope  are  prevalently  loams,  containing 
considerable  clay,  and  even  in  the  case  of  alluvial  lands  oftentimes 
very  clayey  or  heavy,  the  character  of  the  soils  of  arid  regions  is  pre- 
dominately sandy  or  silty,  with  but  a  small  proportion  of  clay,  unless 
derived,  directly  or  indirectly,  from  pre-existing  formations  of  clay  or 
clay  shales.  Of  course  the  character  of  these  ^'sedentary  "  clay  soils 
is  substantially  independent  of  climate,  their  substance  having  been 
formed  in  past  geological  ages. 

LIGHT  SOILS  PREDOMINATE  IN  ARID  CLIMATES. 

This  incoherence  of  the  soil  material  in  arid  climates,  resulting  from 
the  scarcity  of  clay,*  becomes  obvious  to  the  traveler  in  the  sand  and 
dust  storms  .that  sometimes  annoy  him  while  traversing,  e.  ^.,  what 
has  been  conventionally  known  as  the ''Great  American  Desert,"  a 
desert  only  so  long  as  the  life-giving  influence  of  water  is  withheld 
from  it.  Droughts  may  render  the  surface  of  the  country  in  the  At- 
lantic States,  or  in  Europe,  as  dry  as  the  great  plains  themselves;  yet 
away  from  highways  or  cultivated  fields  little  or  no  d[ist  will  ordin- 
arily be  raised  by  the  strongest  wind,  because  of  the  coherence  of  the 
soil,  which  will  generally  be  found  covered  by  a  hard-baked  crust.  In 
the  arid  region,  under  the  same  conditions,  a  mere  puff  of  wind  may 
raise  a  cloud  of  dust,  and  a  wind  storm  becomes  almost  unavoidably  a 
sand  or  dust  storm  also.  ''  Dust  soils,"  which  during  the  dry  season 
are  even  in  their  natural  condition  so  loose  as  to  rise  in  clouds  and 
render  travel  very  uncomfortable,  are  not  uncommon  in  Washington 
and  adjacent  parts  of  Oregon,  on  the  uplands  bordering  the  Qolumbia 
and  Snake  rivers.  The  mechanical  and  chemical  analyses  of  three 
such  soils,  given  in  the  table  below,  will  convey  some  idea  of  their 
peculiarities  in  both  respects. 

The  same  general  facts  are  known  of  the  other  arid  regions  of  the 
globe,  whether  in  Asia,  Africa,  or  Australia. 

*It  most  be  distinctlj  understood  that  what  is  meant  here  by  '*  clay  "  is  not  the  min* 
eral  kaolinite,  but  the  gelatinous,  plastic  '* colloidal"  substance  that  results  from  its 
physical  disintegration,  and  alone  plays  the  part  of  rendering  the  soils  coherent. 
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Dust  soils  qf  arid  region, 

CHEMICAL  ANALYSIS  OF  FINE  EARTH. 


Insoluble  matter 
Soluble  silica.... 
Potash  (K,0).... 

8oda(NasC5) 

Lime  (CaO)., 
Ml 


^J:J?}  76.78 

1.07 

•35 
2.00 

Magnesia  ( MgO ) ,    i* 34 


17 


Atahnam 

Prairie^ 

Yakima  Co., 

Wash. 


Br.  ox.  of  manganese  ( Mn304 ) 

Peroxide  of  iron  ( Fe^s) 

Alamina(Al^s) 

Phosphoric  acta  ( P^Os ) 

Sulphuric  acid  (SO,) 


04 
6.88 
7.91 

•J3 
.02 


Water  and  organic  matter '    2.83 


Total 
Humus  .... 


99-33 
4.10 

Hygroscopic  moisture '    4.96 


37 


Rattlesnake 
Creek, 

Kittitas  Co., 
Wash. 


78.33 
2.20 

.70 

•    -24 
2.06 

1-47 

.07 

6.13 

6. 12 

.18 

.02 

2-35 


1 80. 


S3 


99.90 


3.20 


79 


Plateau  on 

Willow  Cr., 

Morrow 

Co.,  Oreg. 


79.21 
2.  to 


I  81.51 


•05 
i.37 

1.08 
.06 

5-63 

6.02 

.18 

•03 

2.55 


99-35 

.44 

4.92 


MECHANICAL  ANALYSIS  OF  FINE  EARTH. 


Clay ,. , 

Sediment  of  <.25*millimeter8  hydr.  yal , 

Sediment  of  .2510     .5  millimeters , 

Sediment  of  .5   to   2.0  millimeters %, 

Sediment  of  2.0   to   8.0  millimeters 

Sediment  of  8.0   to  64.0  millimeters , 


Total 


•93 

30-93 
3.20 

7.18 

21.88 

32.39 


3^59 

13.06 

5.82 

27^37 

43^  78 

457 


96.57 


98.18 


1.27 
32.29 
12.75 
37^  51 
10.92 

3-97 


98.72 


Several  points  of  interest  that  will  be  discussed  in  detail  farther  on 
are  illustrated  in  this  table.  In  their  chemical  composition  the  three 
soils  are  very  good  illustrations  of  generalized  soils  of  the  arid  region ; 
they  also  show  that  the  ^^clay  "  of  physical  analysis  is  not  even  ap- 
proximately represented  by  the  ^^  alumina  "  of  the  chemical  analysis ; 
and  that,  moreover,  the  latter  substance  is  not  contained  in  these  soils 
in  the  form  of  clay  only,  since  the  amount  of  ^'  soluble  silica  "  is  far 
below  that  of  alumina,  while  the  reverse  should  be  true  if  they  were 
originally  combined  to  form  clay. 

As  regards  the  physical  composition,  ^<clay  "  is  shown  to  be  present 
in  very  small  amounts  only;  there  is  a  good  deal  of  the  finest  silt, 
<.25"*"' ;  and  then  there  occurs  a  conspicuous  break  in  the  small  amounts 
of  sediments  just  above  that  point.  It  may  be  casually  mentioned  here 
that  soils  of  this  character  are  irrigated  with  difficulty,  the  water 
penetrating  so  slowly  that  ditches  must  be  run  a  few  feet  apart  and 
the  flow  continued  for  a  considerable  length  of  time  in  order  to  soak 
the  land. 

It  will  also  be  noted  that  the  percentages  of  the  mineral  plant  food 
in  these  soils  are  quite  large,  and  that  according  to  all  experience  they 
should  be  found  profusely  and  permanently  productive.  This  forecast 
is  abundantly  confirmed  by  local  experience. 
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STBONa  SOILS. 

Bat  BO  generally  has  the  idea  of  inherent  fertility  been  associated, 
in  the  hnmid  regions,  with  soils  of  more  or  less  clayey  character,  that 
the  terms  "  strong,"  '<  substantial,"  <^  durable  "  are  habitually  applied 
to  them  in  contradistinction  from  <Uight,"  ^<  unsubstantial  "  ones  of 
the  sandy  or  silty  type.  Hence  the  newcomer  will  frequently  be 
suspicious  of  the  productiveness  and  durability  of  soils  in  the  arid 
region  that  experience  has  proved  to  be  of  the  highest  type  in  both 
respects. 

The  clayey  soils  that  do  occur  in  the  arid  regions  (in  Oalifornia  and 
Spanish  America,  generally  known  as  <^  adobe  "*)  owe  their  existence 
to  one  or  both  of  two  precedent  conditions.  Those  occupying  upland 
slopes  are  mostly  —  though  not  invariably — directly  derived  from  the 
disintegration  of  clay  shales  that  either  underlie  or  occupy  a  higher 
position  on  the  slope;  they  are  therefore  either  sedentary  (soils  in 
place)  or  coUnvial,  and  derive  their  clay  from  that  which  was  formed  in 
former  geological  ages.  The  valley  adobe  lands,  on  the  contrary,  are 
mostly  paludal  or  swamp  formations  (therefore  not  formed  under 
*^arid  "  conditions),  and  represent  either  the  finest  materials  that  le- 
main  suspended  in  slack  water,  from  any  source,  or  sometimes  the 
direct  washings  of  the  clayey  hill  soils,  above  mentioned.  Examples 
of  both  kinds  are  abundant  in  the  Great  Valley  of  Oalifornia  as  well  as 
in  the  Coast  ranges  of  that  state. 

GREAT  DEPTH  OF  SOIL  IN  ARID  CLIMATES. 

But  it  is  not  only  in  this  point  that  the  physical  composition  of  the 
soils  of  arid  climates  differ  from  those  of  humid  regions.  Another 
point  of  great  importance  is  that  the  difference  between  soil  and  sub- 
soil, which  is  so  striking  and  important  in  regions  of  abundant  rain- 
fall, is  largely  obliterated  in  arid  climates.  Very  commonly  hardly  a 
perceptible  change  of  tint  or  texture  is  found  for  depths  of  several 
feet ;  and  what  is  more  important,  material  from  such  depths,  when 
thrown  on  the  surface,  ofbentimes  subserves  the  agricultural  uses  of  a 
soil  nearly  or  quite  as  well  as  the  original  surface  soil.  The  uncon- 
cern with  which  irrigators  proceed  to  level  or  otherwise  grade  their 
land,  even  though  this  may  involve  covering  up  large  areas  of  surface 
soil  with  subsoil  from  several  feet  depth ;  the  rapidity  with  which  the 
red  loam  of  the  placer  mines  of  the  Sierra  Nevada  foothills  is  recov- 
ered with  the  natural  forest  growth  of  the  region,  are  examples  famil- 
iar to  the  residents  but  surprising  to  newcomers,  who  are  accustomed 
to  dread  the  upturning  of  the  subsoil  as  likely  to  deprive  them  of  re- 
munerative crops  for  several  years,  until  the  ^^  raw  "  subsoil  has  had 


*  It  is  to  be  regretted  that  in  the  publications  of  the  U.  S.  Geological  Survey  this  name 
haa  been  erroneously  applied  to  the  loam  commonly  used  in  the  construction  of  adobe 
houses.  Agriculturally  it  means  **a  heavy  clay  soil,''  such  as  could  not  be  used  in 
building. 
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time  to  be  '<  vitalized"  by  the  fallowing  effect  of  the  atmosphere,  and 
to  acquire  the  needfal  amount  of  hamus,  or  vegetable  mold.* 

The  cause  of  this  difference  is  readily  understood  when  we  consider 
what  it  is  that  causes  the  contrast  between  soil  and  subsoil  in  humid 
climates.  As  before  stated,  soils  are  there,  as  a  rule,  richer  in  clay; 
this  clay,  becoming  partially  diffused  in  the  rain  water  when  a  some- 
what heavy  fall  occurs,  percolates  the  soil  in  that  condition  and  tends 
to  accumulate  in  the  subsoil;  the  result  being  that, almost  without  ex- 
ception, the  subsoils  of  the  humid  regions  are  very  decidedly  more 
clayey  than  the  corresponding  surface  soils.  It  is  only  in  alluvial 
lands  formed  by  i)eriodic  overflows,  which  bring  down  deposits  of  vary- 
ing nature  at  different  times,  that  any  material  departure  from  this 
rule  is  found;  more  rarely  it  occurs  in  the  case  of  colluvial  soil  overly- 
ing sandy  beds,  but  supplied  with  clayey  matter  from  a  higher-lying 
outcrop. 

But  not  only  does  this  clay  water  tend  to  render  the  subsoil  more 
compact  and  heavy,  making  it  less  pervious  to  water  and  air,  but  it  is 
assisted  materially  in  this  by  the  action,  discussed  below,  which  tends 
to  leach  the  lime  carbonate  out  of  the  surface  soil  into  the  subsoil. 
The  accumulated  clay  is  thus  frequently  more  or  less  cemented  into  a 
^^  hardpan"  by  lime,  partly  in  the  form  of  carbonate,  partly  in  that  of 
zeolitic  (hydrous  silicat^e)  compounds;  adding  to  the  compactness  of 
the  subsoil,  and  therefore  to  the  usual  specific  difference  between  soil 
and  subsoil,  viz.,  the  deficiency  or  absence  of  humus,  and  the  diticulty 
of  penetration  by  and  aeration  of  the  roots  of  plants.  This  point  will 
be  further  considered  below. 

INFLUENCE   OF  CLIMATIC  CONDITIONS  ^PON  THE  FORMATION  OF 

HUMUS.      ♦ 

Succeeding  more  or  less  closely,  in  time,  the  physical  and  chemical 
agencies  upon  which  depend  the  formation  of  soils  from  rocks  and  the 
continued  decomposition  of  the  rock  powder  in  soils  themselves,  there 
comes  another  which  is  most  intimately  connected  with  plant  growth, 
and  scarcely  second  in  importance  to  those  already  referred  to.  This 
is  the  decay  of  vegetable  matter  in  the  soil  and  the  formation  of  what, 
in  a  comprehensive  way,  is  known  as  humus  or  vegetable  mold — the 
dark-colored,  sometimes  jet-black  remnant  of  vegetable  decomposition 
under  at  least  partial  exclusion  of  air.  While  now  known  not  to  pos- 
sess that  exclusive  importance  for  vegetable  nutrition  that  was  at  one 
time  attributed  to  it,  humus  is  still  recognized  as  one  of  the  most  im- 
portant soil  ingredients  for  the  purposes  of  practical  agriculture ;  and 

*In  the  case  of  a  cellar  7  to  10  feet  deep,  near  Nevada  City,  Cal.,  the  red  subsoil 
mass  dug  out  was  spread  over  a  part  of  a  vegetable  garden  close  by,  and  as  a  venture 
the  annual  vegetables — tomatoes,  beans,  watermelons,  etc. — were  sown  just  as  usual. 
They  not  only  did  well,  but  even  better  than  the  portions  not  covered,  which  had  been 
cultivated  for  a  number  of  years  and  were  somewhat  exhausted  thereby.  Even  material 
from  80  feet  depth  has  acted  similarly. 
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as  its  formation  is  directly  dependent  upon  climatic  conditions,  its  va- 
riations in  accordance  with  them  form  essential  points  of  difference 
between  the  soils  of  hnmid  and  arid  regions. 

Vegetable  matter  exposed  to  the  action  of  the  air  alone  will,  in  the 
coarse  of  time,  be  completely  destroyed  by  the  slow  process  of  combus- 
tion (eremacansis ),  which  is  unaccompanied  by  any  essential  fer- 
mentative action  and  is  materially  assisted  by  an  elevated  tempera- 
tare.  When  submerged  in  water  it  andergoes  a  very  different  pro- 
cess, namely,  a  gradual  conversion  into  a  brown  mass,  of  which  the 
extreme  result  is  peat.  The  coffee-colored  waters  of  peat  bogs  prove 
that  this  substance,  or  a  portion  of  it,  is  soluble  in  water;  and  these 
brown  waters  are  distinctly  acid  to  test  papers  and  sometimes  even  to 
the  taste.  Hence  the  popular  designation  of  soils  formed  or  existing 
nnder  such  conditions  as  *^sour,"  is  strictly  correct;  and  it  is  well 
known  that  the  correction  of  such  lands  by  means  of  drainage,  and  the 
neutralization  of  the  acidity  in  the  soil  (usually,  in  practice,  by  marl- 
ing), are  conditions-precedent  of  their  profitable  cultivation. 

Peat  bogs,  properly  so  called,  can  exist  only  in  cold-temperate, 
humid  climates;  not  only  because  the  peat  moss,  which  forms  their 
chief  vegetation,  can  not  flourish  in  dry  air,  but  also  because  the  vege- 
table matter  accumulating  under  water  in  warm  regions  andergoes  a 
more  rapid  fermentation,  whereby  much  of  it  is  converted  into  gas- 
eons  products  (carbonic  and  marsh  gai^,  and  the  peaty  or  humus  res- 
idue is  greatly  less  in  amount.  But  the  conditions  for  the  formation 
of  "  sour  ^'  soils  may  be  realized  in  any  climate,  in  the  presence  of 
water,  as  in  the  ^Hule"  or  marsh  lands  of  California,  as  well  as  of 
Louisiana  and  Florida,  or  in  the  heads  of  ravines  where  springs  or 
oozes  of  water  constantly  %w.  But  in  the  marshy  Arctic  lowlands  or 
tundras  the  low  temperature  maintained  even  during  the  short  sum- 
mer renders  the  progress  of  humification  extremely  slow,  preventing 
the  formation  of  true  peat  even  where  the  peat  moss  can  maintain  its 
existence. 

When,  on  the  contrary,  vegetable  matter  decays  underground  in 
well-drained  land,  the  process  of  humification  has  a  result  different 
from  either  of  the  two  preceding  cases.  The  humus  formed  is  of  a 
darker  and  sometimes  jet-black  tint,  and  it  imparts  no  color  to  water 
percolating  through  the  soil,  being  completely  insoluble.  It  is  this 
kind  of  humus  that  is  desired  by  the  farmer  everywhere;  it  is  hailed 
by  him  as  the  mark  of  high  productiveness  in  the  case  of  new  lands, 
amd  he  considers  the  maintenance  of  a  proper  proportion  of  it  in  the 
cultivated  land  as  essential  to  profitable  culture. 

It  should  be  noted  right  here  that  the  brown  humus  of  bogs  is  not 
only  neutralized  in  its  acidity  by  lime,  but  it  is  also  rendered  insoluble 
in  water  by  its  action;  and  in  the  course  of  time  is  transformed  into 
true,  black,  insoluble  humus. 

A  product  intermediate  between  peat  proper  and  true  soil  humus  is 
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fonnd  forming  the  sarface  of  the  primeval  forests  of  the  coast  region  of 
northwestern  America,  from  middle  Oregon  to  Alaska.  It  is  known  to 
the  inhabitants  as  '^  dnff,"  probably  from  its  resemblance  to  the  holiday 
pudding  of  seafaring  men,  that  is  nsnally  colored  by  molassas  or  brown 
sngar.  The  natural ''  duff"  is  the  result  of  the  decay,  above  ground, 
of  the  countless  trunks  of  fallen  trees  that  so  commonly  obstruct  the 
passage  of  any  but  the  most  agile  pedestrian  in  those  regions,  and  upon 
which  the  new  generation  of  trees  frequently  finds  a  most  congenial 
starting  point  and  foothold.  In  the  course  of  time,  in  a  climate  in 
'  which  daily  rains  are  the  rule  rather  than  the  exception,  these  trunks 
flatten  out  and  in  the  aggregate  form  a  surface  covering  occasionally 
several  feet  in  thickness,  on  which  rank  mosses,  Linnoeaj  various  py- 
rolas,  prince's  pine,  and  similar  plants  flourish  in  dense  masses,  while 
grasses  or  anything  else  affording  pasturage  are  conspicuously  absent. 
The  brown  tint  of  the  surface  layers  of  the  **  duff"  gradually  deepens 
as  the  depth  increases,  and  finally  there  is  an  insensible  transition  into 
normal,  black  soil. 

INFLUENCE  OF  AEIDITY  UPON  THE  FORMATION  OF  HUMUS. 

It  is  easily  seen  that  under  the  influence  of  hot,  rainless  summers 
the  process  first  mentioned  above,  viz.,  eremacausis  or  slow  combus 
tion,  which  leaves  little  residue  beyond  the  mineral  ash  of  the  vege 
table  mattier,  must  prevail  very  largely;  and  that,  exceptional  circum 
stances  apart,  the  previous  soils  of  the  arid  regions  are  likely  to  con 
tain  less  humus  than  thosie  of  humid  climates.  Broadly  speaking 
actual  examination  amply  proves  this  presumption  to  be  correct,  and 
among  the  agricultural  practices  which  prove  very  successful  in  the 
eastern  United  States  but  largely  fail  west  of  the  100th  meridian  is 
one  bearing  on  this  very  point.  Straw  or  strawy  manure  cannot  be 
profitably  plowed  in,  in  its  raw  condition,  in  the  arid  regions,  because 
of  its  failure  to  decay  and  become  a  portion  of  the  soil  within  any 
reasonable  limit  of  time.  Hence  these  precious  materials  were,  during 
the  earlier  years  of  Californian  agriculture,  most  commonly  burnt  to 
get  them  out  of  the  way,  so  as  not  to  interfere  with  the  success  of  crops 
by  keeping  the  soil  too  open,  thus  preventing  the  germination  and 
rooting  of  the  grain.  The  rapid  burning  of  the  straw  really  did  little 
more  than  to  accomplish  in  a  short  time  what  in  the  course  of  nature 
would  have  taken  two  or  three  years  by  the  agency  of  slow  eremacausis. 

Ordinarily  it  was  only  through  the  winter  months  that  any  material 
amount  of  humification  could  take  place  under  the  influence  of  moistuna 
and  an  only  moderately  low  temperature. 

Climatic  conditions  thus  compel  the  farmer  of  the  arid  region  to 
<'  cure  "  or  compost  his  straw  or  manure  before  using  them  on  the  field, 
unless,  indeed,  he  can  so  far  control  the  climate  by  the  command  of  ir- 
rigation water  as  to  restore,  substantially,  the  humid  conditions  neces- 
sary for  the  rapid  fermentati6n  of  manure  in  the  soil  itself,  and  for 
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the  hnmification  of  dry  straw  or  refuse.  The  extra  labor  thus  involved 
is  a  material  drawback  to  the  free  utilization  of  stable-yard  manure, 
and  of  all  dry  vegetable  refuse  of  the  farm,  and  there  thus  arises  a 
natural  inclination  toward  the  use  of  the  easily  applicable  commercial 
fertilizers  whenever  fertilization  becomes  necessary.  That  the  openness 
of  most  of  the  soils,  and  the  high  summer  temperature,  must  in  a  meas- 
ure modify  the  selection  and  the  mode  of  application  even  of  these  is 
obviouB.  To  be  effective  and  utilized  to  the  best  advantage  they  must 
be  pat  in  to  a  greater  depth  than  would  be  required  where  the  surface 
soil  is  not  liable  to  become  air-dry,  and  perhaps  quite  hot,  during  the 
summer  days;  for  otherwise  the  roots  would  be  induced,  in  following 
the  direction  of  greatest  food  supply,  to  come  within  dangerous  prox- 
imity to  the  arid  surface. 

These  considerations  apply  mainly,  of  course,  to  the  characteristic 
soils  of  arid  climates — the  silty  and  sandy  ones,  which  are  the  result 
of  a  general  process,  and  not  of  the  disintegration,  in  place  of  clayey 
beds  or  clay  shales,  or  of  slow  deposition  in  river  or  littoral  swamps. 
For  in  these  the  atmospheric  influences  are  so  far  limited  by  their 
closeness,  as  well  as  by  their  tenacious  retention  of  moisture,  that  the 
proi;ess  of  hnmification  can  proceed  under  much  more  favorable  con- 
ditions; and  heuce  we  find  among  this  class  of  soils  (black  adobe) 
very  much  larger  humus  percentages,  approaching  nearly  to  those  of 
the  soils  of  the  Mississippi  Yalley. 

Few  of  the  characteristic  upland  soils  of  the  arid  region  contain 
over  .40  per  cent,  of  true  humus,*  the  fruit-growing  '^  mesa"  soils  of 
south  California  mostly  fall  below  one-fourth  of  one  per  cent.  (.25  per 
cent.)  In  the  humid  region  of  the  cotton  states  three-fourths  of  one 
per  cent,  is  a  common  amount,  and  few  even  of  the  pine-woods  soils 
fall  below  one-half  per  cent.  This  difference  is  important  because  the 
humus  of  the  soil  is  the  repository  of  that  highly  important  soil  ingre- 
dient, nitrogen,  the  replacement  of  which  is  the  most  costly  of  all 
where  clovers  cannot  be  used  for  green  manuring. 

INFIiUENCE  OF  CIjIMATIC  CONDITIONS  UPON  THE  CHEMI- 
CAIi  PROCESSES  IN  AND  CHEMICAIi  NATURE  OF  SOIIiS. 

Owing  to  their  intimate  interdependence  the  chemical  processes 
that  are  constantly  active  in  soils  have  to  some  extent  been  mentioned 
already  in  connection  with,  the  discussion  of  the  physical  characters. 
They  will  now  be  considered  more  in  detail  in  their  connection  with 
climatic  conditions. 

THE  LEACHING  PROCESS. 

One  material  difference  caused  by  a  copious  rainfall  as  compared 

*Tbat  is  malih'e  noire  as  determined  according  to  Grandeau's  process  of  extraction, 
the  only  method  by  which  nnhumified  organic  debris  can  with  certainty  be  excluded 
from  the  determination.  Both  combustion  and  extraction  with  alkaline  lye  yield  re- 
salts  of  no  value,  varying  widely  with  the  season  in  one  and  the  same  soil. 
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with  a  scanty  one,  has  been  mentioned  in  the  current  leaching  ont  of 
the  easily  soluble  alkali  salts,  notably  those  of  sodinm,  and  to  some 
extent  of  potassium  also,  together  with  certain  easily  soluble  earthly 
compounds  (sulphates  and  chlorides  of  calcium  and  magnesium),  and 
occasionally  of  other  locally  abundant  soluble  substances.  These 
salts,  being  carried  through  the  soil  into  the  country  drainage,  gradu- 
ally accumulate  in  the  basins  finally  receiving  the  same,  whether 
oceans  or  inland  lakes. 

In  arid  regions  these  salts  are,  on  the  contrary,  retained  in  the  soil 
to  a  greater  or  less  extent;  they  tend  naturally  to  accumulate  in  the 
lower  ground,  toward  which  they  are  carried  by  the  occasional  rain- 
falls, as  well  as  by  the  general  seepage. 

Before  considering  in  detail  the  effects  of  this  retention  of  the  salts 
commonly  known  as  soluble,  it  is  necessary  to  discusd  the  effects  of 
climate  upon  another  substance,  viz.,  lime  carbonate,  commonly  pre- 
sented to  us  in  the  form  of  limestone  and  chalk. 

LIME  OABBONATE  IS  SOLUBLE. 

Although  ordinarily  considered  insoluble  in  water  when  in  the  form 
of  marble,  limestone,  or  chalk,  lime  carbonate  is  yet  sufficiently  solu- 
ble in  the  soil  water — always  more  or  less  charged  with  carbonic  acid — 
to  be  materially  affected  by  the  leaching  process.  While  much  less 
soluble  than  the  salts  of  potassium,  sodium,  or  magnesium,  and  also 
less  than  gypsum  or  lime  sulphate,  yet  the  constant  tendency  is  to  leach 
it  out  of  the  surface  soil  into  the  subsoil,  and  from  the  soils  of  the  up- 
lands into  those  of  the  lowlands.  We  shall,  therefore,  expect  to  find, 
ordinarily,  each  subsoil  a  little  richer  in  lime  carbonate  than  its  sur- 
face soil;  and  the  valley  soils  more  calcareous  than  those  of  the  ad- 
jacent uplands.  A  compaiison  of  a  series  of  such  analyses  clearly 
demonstrates  the  overwhelming  prevalence  of  this  difference,  so  far  as 
the  contents  of  easily  soluble  lime  are  concerned ;  but  owing  to  the  fact 
that  the  surface  soil  is  more  fully  exposed  to  atmospheric  influences 
than  the  subsoil,  the  former  may  at  times  be  found  to  contain  more 
actual  carbonate  than  the  subsoil  (where  it  often  suffers  transformation 
into  other  compounds).  Such  a  time  is  at  the  end  of  the  dry  season, 
during  which  (asStorer  has  first  shown)  lime  carbonate  is  formed  from 
other  compounds  of  lime ;  a  highly  important  part  of  the  ^'  fallowing  " 
process.  But  during  the  following  rainy  or«winter  season  the  carbonate 
is  again  washed  into  the  subsoil,  so  that  in  humid  climates  it  may  in 
spring  be  almost  absent  from  the  surface  soil  itself. 

But  this  being  so,  it  follows  that  in  arid  climates,  in  which  the  rain- 
fall is  insufficient  to  leach  the  soil  even  of  its  very  easily  soluble  alkali 
salts,  the  lime  carbonate  must  of  necessity  accumulate  to  even  a  greater 
extent  than  the  former.  We  should  therefore  expect  to  find  the  soils 
of  the  region  west  of  the  100th  meridian  in  the  United  States,  and 
generally  those  of  arid  regions  everywhere,  richer  in  lime  than  those 
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of  the  hamid  regions,  and  particularly  of  those  having  abundant  and 
frequent  rains  during  a  warm  summer.  For  under  the  latter  con- 
ditions the  fermentation  and  oxidation  of  vegetable  matter  in  the  soil 
is  very  active,  generating  a  large  amount  of  carbonic  acid,  which  is 
taken  up  by  the  soil  water  and  readily  dissolves  lime  carbonate ;  and 
the  rainfall  being  sufficiently  copious,  this  solution  is  carried  through 
porous  soils  and  subsoils  int<o  the  country  drainage. 

Striking  exemplifications  of  this  action  are  sometimes  seen  in  the 
case  of  lands  either  naturally  very  calcareous,  or  made  so  by  marling, 
and  underdrained  by  tile.  After  a  number  of  years,  not  only  will  the 
tile  be  found  incrusted  more  or  less  with  lime  carbonate  in  the  form  of 
^^sinter"or  tufa,  but  sometimes,  where  the  flow  is  habitually  some- 
what arrested,  the  accumulation  may  become  so  great  as  to  seriously 
obstruct  small  tiles,  which  it  therefore  is  inadvisable  to  use  in  such 
soils.  The  principle  involved  here  is  precisely  the  same  as  that  upon 
which  depends  the  formation  of  stalactites  in  limestone  caves,  as  well 
as  that  of  the  latter  themselves. 

We  shall  thus  expect  to  find  the  upland  soils  in  the  region  of 
summer  rains  relatively  poor  in  lime;. unless  indeed  they  are  under- 
laid more  or  less  directly  by,  or  derived  from,  some  geological  forma- 
tion rich  in  that  substance,  from  which  the  supply  is  kept  up.  Such 
is  the  case  in  the  '^  residual "  soils  of  the  '^  prairies"  of  the  Mississippi 
valley;  and  generally  in  limestone  regions.  And  since,  lime  is  an 
exceedingly  important  soil  ingredient,  conditioning  very  materially 
the  thriftness  of  soils,  it  has  in  the  humid  regions  become  a  common 
adage  that  ^^a  limestone  country  is  a  rich  country."  Tbis  is  true,  at 
least,  wherever  the  limestones  are  not  too  pure,  as  is  mostly  the  case 
in  North  America;  while  in  the  portions  of  Europe  in  which  chalk — 
an  exceedingly  pure  limestone — is  the  country  rock,  ^'  poor  chalk  laiid" 
is  frequently  spoken  of. 

But  in  the  arid  regions  no  such  distinction  is  popularly  made.  This 
is  natural  since,  as  we  have  seen,  lime  carbonate  is  constantly  ac- 
cumulating in  their  soils,  and,  therefore,  it  is  not  to  be  expected  that 
the  connection  with  a  limestone  formation  should  make  any  material 
difference  in  their  quality. 

This  leaching  process  is  of  such  great  importance,  both  theoretically 
and  practically,  as  influencing  the  thriftiness  of  soils,  and,  therefore, 
the  agricultural  practice  of  the  humid  and  arid  regions  respectively, 
that  a  somewhat  detailed  presentation  and  discussion  of  the  facts  is 
called  for;  the  more  as  these  have  never,  so  far  as  I  am  aware,  been 
definitely  observed  or  placed  on  record  heretofore. 

For  the  study  of  this  question  an  extended  comparison  of  the  com- 
position of  the  soils  of  representative  arid  and  humid  regions  is  re- 
quired; and  I  have,  for  this  purpose,  gathered  together  and  tabulated 
for  comparison^  all  the  available  analyses  of  soils  from  the  humid  and 
arid  portions  of  the  United  States,  respectively. 
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COMPARISON  OF  SOILS  FROM  THE  ARID  AND  HUMID  REGIONS   OF 

THE  UNITED  STATES. 

To  give  in  detail  the  large  number  of  analyses  upon  which  the  fol- 
lowing table  is  based  wonld  exceed  the  proper  limits  of  this  paper. 
As  the  greater  portion  of  them  are  in  print  in  publications  not  difficult 
of  access,  references  are  given  to  the  records  from  which  the  data 
have  been  derived;  only  as  regards  the  soils  of  Washington  and 
Montana,  the  data  are  still  in  manuscript  only,  and  form  part  of  the 
records  remaining  in  the  writer's  hands  since  the  regretable  cessation 
of  the  Northern  Transcontinental  Survey,  prosecuted  from  1880  to 
1883,  under  the  auspices  of  the  Northern  Pacific  Railroad. 

SELECTION  OF  DATA  FOB  GOMPABISON-— METHODS  OF  ANALYSIS. 

As  it  is  absolutely  essential  that  in  making  such  comparisons  the 
analyses  should  have  been  made  by  exactly  the  same  methods,  I  have 
included  in  it  exclusively  those  for  which  this  condition  is  with  cer- 
tainty fulfilled,  namely,  the  several  series  made  under  my  own  direc- 
tion from  1857  to  the  present  time,  and  those  made  in  connection  with 
the  geological  surveys  of  Kentucky  and  Arkansas  (first  under  the  di- 
rection of  Dr.  David  Dale  Owen,  and  since  his  death  under  that  of 
others),  mostly  by  Dr.  Robert  Peter,  the  veteran  chemist  of  the  Ken- 
tucky survey  at  this  time.  Some,  of  which  the  comparability  in  this 
respect  is  probable,  but  not  certain,  published  in  the  reports  of  other 
states,  have  been  omitted  because  of  this  uncertainty. 

SOILS  FBOM  OALGABEOUS  ABEAS  OMITTED. 

Another  consideration  has  governed  the  omission  from  the  present 
comparison  of  a  large  number  of  soils  that  have  been  analyzed  on  the 
same  plan.  It  is  plain  that  if  we  were  to  include  such  as  have,  in 
their  origin,  a  more  or  less  direct  connection  with  calcareous  forma- 
tions, either  as  residuals  still  underlaid  by  such  formations,  or  as  alln- 
vials  and  colluvials  derived  from  the  same,  the  climatic  influences 
would  be  obscured  and  the  comparison  still  further  vitiated  by  the 
accident  of  the  numerical  proportion  between  the  number  of  such  soils 
and  those  derived  from  non-calcareous  materials,  that  happened  to 
have  been  chosen  for  examination.  Tennessee  forms  a  case  in  point. 
It  happens  that  all  of  the  seventeen  soil  analyses  made  for  that  state 
during  the  census  work  of  1880  are  more  or  less  directly  connected 
with  calcareous  formations,  which  underlie  the  prominent  agricultural 
subdivisions  thus  far  studied.  From  this  cause  Tennessee  is  unrepre- 
sented in  the  list  of  states  below ;  and  for  the  same  reason  a  very  large 
proportion  of  Dr.  Peter's  analyses  of  Kentucky  soils  are  thrown  out, 
e.  g.j  the  well-known  '^  blue-grass  region,"  and  generally  that  portion 
of  the  state  covered  by  limestone  formations. 

On  the  same  ground,  of  one  hundred  and  forty-one  analyses  of  Ar- 
kansas soils  by  D.  D.  Owen  and  Dr.  Peter,  only  thirty-eight  could  be 


CLIMATE   AND   THE   CHEMISTRY   OF   SOILS.  27 

admitted  to  comparison.  In  this  case,  as  in  that  of  Mississippi  and 
Louisiana,  the  large  proportion  of  ^^  bottom  soils  "  derived  from  the 
calcareoos  clays  of  the  Port  Hudson  beds,  and  from  the  loess  area, 
has  necessitated  the  body  of  the  exclusions. 

In  Mississippi  the  soils  of  the  cretaceous  and  tertiary  praines,  of  the 
loess  proper,  and  those  of  the  heavy  soils  of  the  alluvial  area  (Yazoo 
bottom)  that  are  directly  derived  from  the  Port  Hudson  clays,  are  ex- 
cluded ;  but  not  those  of  the  recent  alluvium,  nor  those  of  the  tribu- 
taries from  the  uplands.  Thus  out  of  one  hundred  and  thirty  analyses 
thirty-three  have  been  excluded.  The  analyses  of  the  brown  loams 
underlying  the  loess,  though  somewhat  influenced  by  the  subjacent 
formation,  are  nevertheless  retained. 

.  Of  twenty-five  available  analyses  of  Louisiana  soils,  seven  are  ex- 
cluded because  of  their  direct  connection  with  the  Port  Hudson  and 
loess  materials. 

Of  40  available  analyses  of  Texas  soils,  all  but  7  are  from  ^'  prairie" 
areas  known  to  be  underlaid  by  calcareous  materials.  The  seven  form- 
ing the  somewhat  doubtful  exception  (because  in  part  from  area§  un- 
derlaid by  calcareous  tertiaries)  are  from  points  lying  both  in  the 
humid  and  arid  portions  of  the  state,  and  therefore  would  not  make  a 
fair  showing  for  either.  The  same  is  true  of  the  few  analyses  of  soils 
from  the  Indian  Territory. 

Of  56  available  analyses  of  Alabama  soils,  all  but  six,  representing 
well-known  ^<  prairie  "  areas,  enter  into  the  averages. 

All  known  analyses  of  Florida  soils,  seven  in  number,  are  included. 

Of  60  analyses  of  Georgia  soils,  17  representing  the  essentially  cal- 
careous areas  of  what  is  known  as  ^^ Northwest  Georgia" — palaeo- 
zoic terranes — are  excluded  from  the  comparison,  together  with  three 
others  from  the  tertiary  region. 

All  available  soil  analyses  from  South  Carolina  are  included.  So 
also  are  those  from  North  Garolina,  except  those  made  for  the  geolog- 
ical survey  of  the  state,  the  method  used  in  these  analyses  being  un- 
known and  apparently  different  from  that  adopted  in  the  census  work 
of  1880. 

The  same  general  system  of  selection  and  exclusion  has,  of  course, 
been  put  in  force  on  the  available  soil  analyses  from  the  arid  regions; 
mainly  represented  thus  far  by  California,  Washington,  and  central 
Montana.  As  is  well  known  to  geologists,  these  are  regions  very  de- 
ficient in  limestone  formations,  so  that' it  is  difficult  to  obtain  material 
for  a  home  supply  of  lime  for  building  and  other  purposes.  It  is  true 
that  the  rock  material  of  the  cretaceous  and  tertiary  beds  covering 
large  portions  of  these  regions  is  often  more  or  less  calcareous,  and 
would  by  disintegration  yield  a  slightly  calcareous  average  material. 
But  the  same  is  true  of  a  large  portion  of  the  humid  region  in  areas 
which,  nevertheless,  have  not  been  ruled  out  from  this  comparison. 
Wherever  it  is  known  that  a  specially  calcareous  deposit  is  near  at 
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hand,  and  may  have  contributed  an  extra  proportion  of  calcic  carbon- 
ate, the  analysis  has  been  mled  out;  and  on  the  same  ground  as  in 
the  case  of  the  soils  of  the  lower  Mississippi,  where  the  old  swamp 
(Port  Hudson)  beds  have  been  an  essential  contributory  factor,  the 
corresponding  soils  from  the  troughs  of  the  valley  of  California  have 
been  excluded.  Thus  of  a  total  of  236  analyses  of  California  soils,  38 
have  been  excluded  from  the  averages. 

Out  of  80  analyses  of  Washington  soils,  four  showing  unusual  pro- 
portions of  lime  were  ruled  out  on  suspicion  that  there  might  be  a 
special  source  of  lime  involved.  In  the  rest  the  range  is  so  steadily 
from  a  little  below  one  to  a  little  over  two  per  cent.,  that  there  was  no 
basis  for  a  discrimination,  the  more  as  the  country  is  destitute  of  lime- 
stones and,  save  at  a  few  points,  even  of  any  obviously  marly  forma- 
tions. 

In  the  case  of  Montana,  14  out  of  43  soils  have  been  ruled  out,  mostly 
on  suspicion  of,  but  partly  because  of,  known  connection  with  lime- 
stone formations;  as,  e.  g.^  in  the  case  of  lands  at  the  foot  of  the  Big 
Snowies,  a  limestone  range  forming  part  of  the  northern  rim  of  the 
Judith  basin. 

The  rule  thus  having  l>een  applied,  as  impartially  as  possible,  to  the 
soils  of  both  the  humid  and  arid  regions,  I  believe  that  the  conclusions 
flowing  from  a  discussion  of  the  results  of  the  comparison  are  entitled 
to  as  much  weight  as  are  those  of  any  comparison  based  on  large  num- 
bers of  observations  made,  not  with  reference  to  the  special  point  un- 
der consideration,  but  with  a  practical  object  of  which  the  governing 
conditions  were  more  or  less  uncertain  and  required  to  be  ascertained 
by  a  process  of  elimination. 

The  table  gives,  flrst,  the  averages  for  each  ingredient  for  each  of  the 
states  represented,  the  number  of  analyses  from  which  the  averages  are 
derived  being  given  in  each  case.  These  averages  are  given  separately 
for  the  states  of  the  humid  and  the  arid  regions  respectively;  and  at 
the  base  of  each  group  the  grand  average  is  shown  in  two  forms.  The 
flrst  gives  the  flgures  as  derived  from  the  aggregate  number  of  soil 
analyses  in  each  great  group,  being  466  for  the  humid  and  313  for  the 
arid,  divided  into  the  totals  resulting  from  the  summation  of  each  in- 
gredient for  the  whole,  466  and  313,  respectively. 

The  second  form  is  that  in  which  the  soils  of  each  state  are  con- 
sidered as  representative  of  the  general  character  of  such  state,  aa  the 
result  of  intentional  selection ;  such  as  actually  occurred  in  the  cases  of 
those  included  in  the  census  work  of  1880.  The  flgures  given  here  are 
therefore  the  result  of  a  summation  of  the  state  averages  as  such,  and 
of  their  division  by  the  number  of  states  represented. 

•It  may  be  cursorily  noted  here  that  while  these  two  modes  of  pre- 
sentation do  change  the  figures  a  little,  yet  in  either  form  the  same 
general  result  is  outlined  with  striking  accuracy. 

It  will  be  noted  that  in  some  cases  the  averages  for  states  are  not  all 
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based  upon  the  same  number  of  analyses.  This  happens  mostly 
because  of  omissions  made  in  determinations,  occurring  most  fre- 
quently in  the  case  of  the  item  ^^  soluble  silica."  It  must  be  under- 
stood that  in  the  earlier  work  the  importance  of  ascertaining  this  point 
in  every  case  had  not  been  thought  of.  Hence  it  is  entirely  wanting  in 
the  analyses  representing  Kentucky  and  Arkansas  and  in  all  the 
earlier  work  relating  to  Mississippi.  This  explains  why  in  some  cases 
the  averages  of  the  two  first  columns  (insoluble  residue  and  soluble 
silica)  do  not  sum  up  correctly  in  the  third' column,  which,  where  both 
determinations  always  have  been  made,  should  be  the  sum  of  the  two 
preceding. 

To  amplify  the  evidence  as  much  as  possible  there  are  also  given 
three  analyses  from  Golorado,  New  Mexico,  and  Utah,  made  for  the 
purpose  of  ascertaining  the  probable  success  of  sugar  beets,  and  there- 
fore, as  it  happens,  representing  characteristic  ^^mesa"  or  plateau 
lands.  These  analyses  were  made  in  the  laboratory  of  the  California 
Experiment  Station  by  Mr.  Hubert  P.  Dyer,  chemist  to  the  Utah  beet 
sugary  near  Lehi. 

Below  these  is  given  the  averages  from  nine  soils  analyzed  at  the 
Wyoming  Experiment  Station,  and  representing  the  surface  soils  of 
the  six  culture  experiment  stations  of  that  state.  The  subsoils  given 
in  the  same  publication  are  omitted  because  some  of  them  are  mani- 
festly in  contact  with  calcareous  formations,  so  that  the  lime  average 
wonld  be  grossly  exaggerated,  as  in  the  case  of  the  soil  from  New 
Mexico,  which  has  been  excluded  from  comparison  for  the  same  appar- 
ent reason.  Moreover,  this  series  is  not  included  in  the  averages  of 
the  three  soils  above,  because  of  divergencies  in  the  method  of  analy- 
sis. Nevertheless,  the  general  results  are  precisely  in  line  with  the 
remainder  of  the  averages  for  the  arid  region. 

REFKRENCE8  TO  SOURCES  <»F  DATA. 

For  the  analyses  of  soils  from  the  states  of  North  and  South  Carolina,  Georgia, 
Florida,  and  Alabama,  Report  of  U.  S.  Census  for  1880,  vol.  6. 

For  the  states  of  Mississippi,  Loaisiana,  and  Arkansas,  ibid.f  vol.  6  ;  from  reports  of 
the  respective  geological  surveys  and  reconnoissances,  and  partly  from  manuscript 
records,  still  unpublished. 

For  Kentucky,  the  reports  of  the  Geological  Survey  of  Kentucky  from  1856  to  the 
present  time;  analyses  by  Dr.  Robert  Peter. 

For  California,  the  several  reports  of  the  College  of  Agriculture  and  Experiment  Sta- 
tion of  the  University  of  California  from  1877  to  the  present  time. 

For  Washington  and  Montana,  the  manuscript  records  of  the  Northern  Transconti- 
nental Survey  from  1880  to  1888. 

For  Utah,  New  Mexico,  and  Colorado,  manuscript  record  of  work  by  Hubert  P.  Dyer, 
chemist  to  the  Utah  Sugar  Company,  Lehi,  Utah. 

For  Wyoming,  Bulletin  No.  6  of  the  Wyoming  Experiment  Station,  May,  1892. 
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LIME. . 

Considering  in  this  table,  first,  the  ingredient  nnder  discussion  above, 
viz.,  lime,  a  glance  at  the  colomns  for  the  two  regions  shows  a  surpris- 
ing and  evidently  intrinsic  and  material  difference,  approximating  in 
the  average  by  totals  to  the  proportion  of  1  to  12 ;  in  the  average  by 
states,  1  to  14}.  This  difference  is  so  great  that  no  accidental  errors 
in  the  selection  or  analysis  of  the  soils  can  to  any  material  degree 
weaken  the  overwhelming  proof  of  the  correctness  of  the  inference  drawn 
upon  theoretical  grounds,  viz.,  that  the  soils  of  the  arid  regions  must 
be  richer  in  lime  than  those  of  the  humid  countries.  For  the  differ- 
ences in  derivation  would,  in  view  of  the  prevalence  of  limestone  for- 
mations in  the  humid  regions  concerned,  produce  exactly  the  reverse 
condition  of  things  from  that  which  is  actually  found  to  exist;  and  if 
further  proof  were  needed  it  can  readily  be  found  in  the  detailed  dis- 
cussion of  the  analyses  of  the  soils  of  the  arid  areas  forming  the  con- 
trast. This  shows  that,  for  instance,  in  Washington  highly  calcareous 
soils  are  directly  derived  from  the  black  basaltic  rocks;  while  similarly 
calcareous  lands  are  found  in  California  to  be  outcome  of  the  decompo- 
sition of  granites,  diorites,  and  lavas. 

It  is  not  easy  to  overrate  the  importance  of  this  feature  of  the  soils 
of  the  arid  region,  as  it  is  intimately  connected  with  other  theoretically 
and  practically  important  facts  which  will  be  discussed  later. 

Now,  if  it  be  true,  that  '^a  limestone  country  is  a  rich  country  "  in 
the  humid  regions,  and,  if,  as  the  tables  show,  the  soils  of  the  arid 
regions  are  all  calcareous  to  the  extent  to  which  that  property  serves 
its  general  purpose,*  then  it  must  also  be  true  that  when  the  deficiency 
of  rainfall  in  the  arid  regions  is  supplied  by  irrigation,  the  soils  of  the 
arid  regions  should  be  exceptionally  productive  as  compared  with 
those  of  the  regions  of  summer  rains. 

I  think  experience  shows  that  this  is  strictly  true,  and  that  in  the 
arid  region  "  poor  "  soils  are  very  much  less  common  than  in  the  humid 
climates.  As  farmers  would  express  it,  the  land  is  '<  all  marled  "  in 
its  natural  condition,  and  a  smaller  area  can  there,  on  the  average^  be 
made  to  sustain  a  family. 

Is  there  not  here  a  clue  to  the  fact  that  has  excited  the  surprise  of 
many,  viz.,  that  arid  or  irrigation  countries  have  in  past  times  been  the 
chosen  abodes  of  dense  populations,  whether  about  the  rock-hewn  cities 
of  Syria  or  in  those  of  Arizona?  Is  it  not  true  that  the  ^^  desert "  is  a 
desert  merely  in  appearance,  and  that  the  life-giving  water  brought  by 

*The  lime  percentage  usually  meDtioned  iu  text-books  as  necessary  to  the  **calcare- 
OQa"  character  of  a  soil  (** vigorous  effei^escence  with  acids")  implying  not  less  than 
4  per  cent,  of  the  carbonate,  is  very  much  greater  than  is  actually  necessary  to  impart 
all  the  desirable  and  characteristic  agricultural  and  vegetative  features  to  soils  that  de- 
pend apon  the  action  of  lime.  Very  much  less  is,  moreover,  required  for  that  purpose 
in  sandy  soils  than  in  those  which  contain  much  day.  See  Report  of  Tenth  Census,  vol. 
6,  page  64. 
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the  hand  of  man  is  all  that  is  needed  to  convert  it  into  a  land  where 
milk  and  honey  flowf  According  to  recent  experiments,  even  the 
shifling  sands  of  the  Sahara  desert  become  productive  when  irrigated 

UPLAND   AND   LOWLAND   VEGETATION   IN  THE   ARID    AND    HUMID 

REGIONS. 

In  the  hamid  regions  there  is  always  a  marked  difference  between 
the  vegetation  of  uplands  and  lowlands,  arising  not  merely  from  the 
difference  in  moisture  supply,  but  evidently  of  a  specific  nature. 
When  we  discuss  the  characteristic  plants  in  detail,  it  becomes  obvious 
that  it  is  lime  vegetation  that  forms  the  characteristic  difference  in 
most  cases ;  and  by  way  of  counter-proof  we  find  that  when  the  uplands 
are  themselves  of  a  calcareous  nature,  a  part  of  the  valley  flora  ascends 
into  them.  To  mention  one  of  many  instances :  The  tulip  tree  {Lirioden- 
dron^  WhiteWood)  is  a  lowland  tree  over  the  greater  part  of  its  area  of 
occurrence;  but  in  the  loess  or  cane-hills  area  of  the  Southwest,  as 
well  as  in  the  cretaceous  (limestone)  hill  country  of  Mississippi,  it 
is  conspicuous  in  the  uplands.  The  same  is  true  of  the  bla<ik  walnut, 
the  linden,  and  many  other  trees  and  shrubs  characteristic  of  limy 
soils. 

In  the  arid  region,  on  the  contrary,  the  main  difference  observable 
in  upland  and  lowland  vegetation  (outside  of  mountain  influences)  is 
entirely  referable  to  moisture  conditions;  the  proof  being  that  so  soon 
as  the  uplands  are  irrigated  the  lowland  flora,  so  far  as  it  is  distinct, 
takes  possession.  This  uniformity  of  upland  and  lowland  vegetation 
is  particularly  conspicuous  in  the  comparatively  restricted  floras  of  the 
Pacific  northwest — eastern  Oregon  and  Washington,  and  Montana, 
where  one  may  travel  for  days  over  hill  and  dale  and  plains,  all  equally 
arid,  with  scarcely  a  change  in  the  character  of  the  flora,  especially  dur- 
ing the  dry  season.  Both  uplands  and  lowlands  being  nearly  equally 
calcareous,  there  is  no  reason  for  any  material  difference. 

FORMATION  OF  OALOAREOUS  HARDPAN  IN  SUBSOILS. 

As  stated  above,  subsoils  are  in  all  ordinary  cases  richer  in  lime 
compounds  than  the  overlying  surface  soil,  owing  to  the  solubility  of 
lime  carbonate  in  the  soil  water,  which,  being  followed  by  air  when  rain 
ceases,  gradually  deposits  the  lime  in  the  lower  layers  of  the  arable 
stratum,  by  the  well -understood  process  of  aeration. 

In  humid  climates,  however,  the  frequent  rains,  so  very  variable  in 
amount,  rarely  allow  of  the  accumulation  of  very  large  amounts  of  this 
substance  at  a  particular  depth.  Hence,  while  in  such  regions  (the 
prairies  of  Mississippi  and  Louisiana)  we  often  find,  iti  soils  overlying 
calcareous  strata,  a  formation  of  whitish  concretions  (commonly  known 
as  '^  white  gravel  ")  of  lime  carbonate,  yet  the  formation  of  continuous 
layers  or  sheets  of  subsoil  cemented  by  lime  is  not  frequent. 

In  the  arid  regions,  on  the  contrary,  the  limited  rainfall  usually  pene- 
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trates  only  to  a  relatively  slight  depth — a  few  feet — whence  the  water 
afterwards  re-ascends,  to  be  dissipated  by  evaporation.  Thus  the  lime 
carbonate  dissolved  in  its  descent  gradually  accumulates  within  a 
very  limited  thickness  of  soil,  and  chiefly  at  the  lowest  point  usually 
reached  by  the  moisture.  Goucurrently,  the  diffused  clay  brought 
down  by  each  rain  stops  at  or  near  the  same  level;  and  both  sub- 
stances combine  to  form  a  mechanical  union  into  a  subsoil  layer  of 
^'  hardpan,"  the  cement  of  which  is  lime  carbonate,  and  which  there- 
fore effervesces  (sizzes)  to  a  greater  or  less  degree  when  touched  with  a 
drop  of  acid. 

These  hardpan  sheets  are  usually  more  or  less  discontinuous,  the 
areas  occupied  by  them  being  commonly  of  a  rounded  or  oblong  shape, 
and  lowest  in  the  middle.  In  case  of  unusually  copious  rains,  or 
when  irrigated,  they  may  frequently  be  recognized  by  the  formation 
of  temporary  iK>nds,  deepest  in  the  middle  or  axis  of  the  sheet.  Such 
stagnation  of  water  serves  ultimately,  of  course,  to  increase  the  hard- 
ness and  thickness  of  the  hardpan  sheet,  by  the  further  dissolution  of 
lime  during  the  fermentation  of  vegetable  matter  that  always  occurs 
in  stagnant  water,  and  its  subsequent  deposition  upon  the  concrete 
already  formed. 

Such  hardpan  areas  are  familiar  to  cultivators  in  the  arid  regions 
throughout  the  world;  from  the  Eocky  Mountains  to  the  Pacific  coast, 
as  well  as  in  northwest  India,  where  the  ^^  kankar  "  is  a  formidable 
obstacle  to  the  cultivation  of  lands  otherwise  very  rich  and  capable  of 
profuse  production.  In  India  it  seems  to  assume,  more  frequently 
than  in  California  and  Arizona,  the  form  of  a  hard  crystalline,  though 
very  impure  limestone,  which  no  tool  short  of  a  crowbar  can  deal 
with.  Of  course  roots  cannot  penetrate  it,  and  after  irrigation  the 
water  stands  on  the  lands  underlaid  by  it,  drowning  out  what  other- 
wise might  have  been  a  fair  crop.  The  trouble  is  experienced  some- 
what in  California,  in  some  portions  of  the  Great  Valley,  where  soils 
of  a  fine  silty  character  prevail ;  less  often  in  the  more  coarsely  sandy 
lands.  In  the  heavy  clay  lands  (adobe)  of  the  lower  grounds,  such 
accumulations  of  lime  carbonate  are  also  quite  common,  as  might  be 
expected ;  but,  contrary  to  expectation,  they  are  usually  less  hard  and 
offer  less  obstruction  to  roots  and  to  the  penetration  of  water  than  is 
the  case  in  the  silt  soils.  Moreover,  the  lime  hardpan  in  these  clay 
soils  crumbles  very  rapidly  upon  exposure  to  the  air,  or  thorough  drain- 
age, and  is,  therefore,  less  injurious,  and  less  difficult  to  deal  with 
than  in  other  soils. 

MAGNESIA  CONTENTS  OF  SOILS  IN  THE  ARID  AND  HUMID  REGIONS. 

While  the  differences  in  respect  to  the  proportions  of  lime  are  the 
most  prominent  and  decided,  yet  the  related  substance,  magnesia, 
shows  also  a  very  marked  and  constant  difference  as  between  the  soils 
of  the  homid  and  arid  regions.     It  will  be  observed  that  the  general 
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average  for  magnesia  in  the  soils  of  the  Atlantic  slope  is  aboat  donble 
that  of  lime;  Florida  being  the  only  state  in  which  the  average  (of 
seven  analyses)  is  lower  for  magnesia  than  for  lime.  In  the  arid  re- 
gion, on  the  contrary,  magnesia  on  the  general  average  is  nearly  the 
same  as  lime;  in  the  average  by  states,  slightly  above  it;  thus  bring- 
ing the  ratio  for  the  two  regions  for  magnesia  up  to  one  to  six  or 
seven.  This  also  is  so  decisive  a  showing  that  no  accident  could  bring 
it  abobt.  We  must  conclude  that  climatic  influences  have  dealt  with 
magnesia  similarly  as  with  lime,  which  from  the  standpoint  of  the 
chemist  is  just  what  might  be  expected,  since  magnesia  carbonate  be- 
haves very  much  like  that  of  lime  toward  carbonated  waters.  It  is 
not,  however,  known  to  exert  any  peculiar  influence  upon  soils  or  plant 
nutrition ;  and  hence,  while  its  presence  in  the  soils  of  the  arid  regions 
is  corroborative  of  the  evidence  concerning  lime,  it  is  not  of  similar 
practical  significance. 

INFLUENCE  OF  CLIMATIC    CONDITIONS  UPON  THE  **  INSOLUBLE 

RESIDUE." 

Bemembering,  in  discussing  the  facts  shown  by  the  table,  that  the 
fundamental  difference  between  the  regime  of  the  humid  and  arid  re- 
gions is  the  presence  of  an  almost  continuous  leaching  process,  in 
which  the  carbonated  water  of  the  soil  is  the  solvent;  remembering, 
also,  that  the  least  soluble  portion  of  rocks  and  soils  is  quartz  or  silica 
(sand,  as  usually  understood),  it  would  be  predicable  that  this  ingre- 
dient should  in  the  humid  region  be  found  to  be  more  abundant  in 
soils  than  in  the  arid.  This  portion  is  represented  by  the  ^Mnsolnble 
residue ''  of  the  table. 

Inspection  shows  that  both  in  the  averages  of  the  single  states,  and 
in  both  of  the  general  averages,  this  difference  f>etween  the  soils  of 
the  humid  and  the  arid  regions  of  the  United  States  is  strongly  pro- 
nounced ;  the  ratio  being  substantially  as  70  per  cent,  in  the  arid  re- 
gion to  84  per  cent,  in  the  humid. 

We  must  then  conclude  that  the  leaching  process  must  have  influ- 
enced materially  other  soil  ingredients  than  lime,  which  have  remained 
behind  in  such  amounts  as  to  depress  the  percentage  of  insoluble 
residue  in  the  soils.  It  remains  to  be  shown  what  are  the  substances 
so  retained. 

SOLUBLE  SILICA  AND  ALUMINA. 

The  ingredient  most  nearly  correlated  with  the  insoluble  residue  is 
the  silica  which  remains  behind  with  it  when  the  acid  with  which  the 
soil  has  been  treated  preparatory  to  analysis  is  evaporated  to  dryness. 
The  gelatinous  or  pulverulent  silica  set  free  by  the  acid  from  the  soil 
silicates  being  thus  rendered  insoluble  in  acid  and  water,  it  is  sepa- 
rated from  the  really  insoluble  and  undecomposed  minerals  by  boiling 
with  a  strong  solution  of  sodic  carbonate,  to  which,  after  boiling,  a 
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few  drops  of  strong  caustic  soda  lye  have  been  added  in  order  to  pre- 
vent the  re-precipitation  of  part  of  the  solnble  silica.  The  amount  of 
the  latter  is  obvioasly  the  measure  of  the  extent  to  which  the  soil  sili- 
cates have  been  decomposed  in  the  treatment  with  acid. 

The  most  prominent  of  these  is  usually  supposed  to  be  clay — the 
hydrous  silicate  of  alumina  that  in  its  purest  condition  forms  kaolinite 
or  porcelain  earth.  Any  alumina  found  in  the  usual  course  of  soil 
analysis  is  generally  referred  to  this  mineral,  which  contains  silica 
and  alumina  nearly  in  the  proportion  of  46  to  40. 

In  very  many  cases,  however,  the  reference  of  these  two  ingredients 
to  clay  is  manifestly  unjustified.  This  is  clearly  so  when  (as  not  un- 
frequently  happens)  the  amount  of  alumina  found  exceeds  that  which 
would  form  clay  with  the  ascertained  percentage  of  soluble  silica;  it 
is  almost  as  certainly  so  when,  in  addition  to  the  alumina,  other  bases 
(notably  potash,  lime,  and  magnesia)  are  found  in  proportions  which 
preclude  their  being  in  combination  with  any  other  acidic  compounds 
present.  The  only  possible  inference  in  such  cases  is  that  these  bases, 
together  with  at  least  a  portion  of  the  alumina,  are  present  in  the  form 
of  hydros,  and  therefore  easily  decomposable  silicates,  or  zeolites. 

The  subjoined  analysis  of  a  clay  obtained  in  the  usual  process  of 
mechanical  soil  analysis  (by  precipitating  with  common  salt  the  turbid 
water  remaining  after  24  hours  subsidence  in  a  column  of  200  milli- 
meters) from  a  very  generalized  soil  of  northern  Mississippi,  shows 
one  of  the  many  cases  in  which  the  numerical  ratios  of  the  several 
ingredients  are  incompatible  with  the  assumption  that  silica  and 
alumina  are  present  in  combination  as  clay  (kaolinite)  only : 

Insolable  matter 15. 96 

Solable  silica 83. 10 

PoU8h(K,0) '.: ; 1.47 

Soda(Na,0).. ; 1.70     ' 

Idme(CaO) 09 

Magn€8ia  (Mg  0) 1.88 

Br.  ox.  of  inanganese  (Mn,  O4) 80 

Peroxide  of  iron  (Fe,  0,) 18.  76 

Aluminia  (A1,0,) la  19 

Phoephoric  acid  (PjOj) 18 

Sulphuric  acid  (SO,).. 06 

Carbonic  acid  (C0,)....« 00 

Wat^  and  organic  matteK 9.00 

Total 100. 14 

If  in  this  case  we  assign  all  the  alumnia  to  silica,  as  required  for  the 
eosposition  of  kaolinite  or  true  clay,  there  yet  remains  a  trifle  over 
twelve  (12.17)  per  cent,  of  silica  to  be  allotted  to  the  other  bases  pres- 
ent., Dedacting  from  this  the  ascertained  amount  of  silica  soluble  in 
sodic  carbonate,  pre-existing  in  the  raw  material,  (.38  per  cent.)  we 
coaie  to  11.79  per  cent,  as  the  amount  of  silica  which  must  have  been 
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in  combinations  other  than  kaolinite,  viz.,  hydrous  silicates,  or  soil 
zeolites,  formed  either  with  the  bases  other  than  aluminia  shown  in 
the  analysis,  or,  more  probably,  perhaps  containing  some  of  the 
aluminia  itself  in  essential  combination. 

We  are  thns  enabled  to  obtain  from  the  determination  of  the  soluble 
silica  an  estimate  of  the  extent  to  which  these  soil  zeolites,  that  form  so 
important  a  portion  of  the  soil  in  being  the  repositories  of  the  reserve 
of  more  or  less  available  mineral  plant  food,  are' present  in  the  soils  of 
the  several  regions.  A  glance  at  the  table  shows  that  the  general 
average  of  soluble  silica  is  very  much  greater  in  the  soils  of  the  arid 
regions  than  in  those  of  the  humid,  approximating  one  to  two  in  favor 
of  the  arid  division. 

But  looking  at  the  details  of  the  several  states,  we  find  that  on  the 
arid  side  Washington  has  a  relatively  low  figure  for  soluble  silica, 
that  in  the  average,  however,  is  overborne  by  the  high  figures  for  Cali- 
fornia and  Montana.  The  explanation  of  this  fact  probably  lies  in  the 
derivation  of  the  majority  of  the  Washington  soils  'examitied,  from 
lake  deposits  brought  down  gradually  from  the  humid  region  at  the 
heads  of  the  Columbia  drainage,  where  sandy  beds  are  very  prevalent; 
while  the  country  rock — the  basaltic  eruptives — are  very  basic,  and 
moreover  slow  to  disintegrate.  In  California  and  Montana  the  rocks 
are  infinitely  varied,  and  the  general  outcome  of  their  weathering  is 
plainly  a  predominance  of  complex  hydrous  silicates  in  the  soils,  a« 
compared  with  humid  regions. 

ZEOLITES  ARE  REPOSITORIES  OF  PLANT  FOOD, 

Nor  should  this  be  a  matter  of  surprise  when  we  consider  the 
agencies  which  are  brought  to  bear  upon  the  soils  of  the  arid  regions 
with  so  much  greater  intensity  than  can  be  the  case  where  the  solu- 
tions resulting  from  the  weathering  process  are  continually  removed 
as  fast  as  formed,  by  the  continuous  leaching  effect  of  atmospheric 
waters.  In  the  soils  of  regions  where  summer  rains  are  insignificant 
or  wanting,  these  solutions  not  only  remain,  but  are  concentrated  by 
evaporation  to  a  point  that,  in  the  nature  of  the  case,  can  never  be 
reached  in  humid  climates.  Prominent  among  these  soluble  in- 
gredients are  the  silicates  and  carbonates  of  the  two  alkalies,  potash 
and  soda.  The  former,  when  filtered  through  a  soil  containing  the 
carbonates  of  lime  and  magnesia,  will  soon  be  transformed  into  com- 
plex silicates,  in  which  potash  takes  precedence  of  soda,  and  which, 
existing  in  a  very  finely  divided  (at  the  outset  in  a  gelatinous)  con- 
dition, serve  as  an  ever-ready  reservoir  to  catoh  and  store  the  linger- 
ing alkalies  as  they  are  set  free  from  the  rocks,' whether  in  the  form 
of  soluble  silicates  or  carbonates.  The  latter  have  another  still  im- 
portant effect:  in  the  concentrated  form  at  least,  they,  themselves, 
are  effective  in  decomposing  silicate  minerals  refractory  to  milder 
agencies,  such  as  calcic  carbonate  solutions;  and  thus  the  more  de- 
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coin)x)sed  state  in  whicb  we  find  the  soil  minerals  of  the  arid  regions 
is  intelli^ble  on  that  ground  alone. 

But  it  must  not  be  forgotten  that  lime  carbonate,  though  less  effec- 
tive than  the  corresponding  alkali  solutions,  nevertheless  is  known  to 
produce,  by  long  continued-  action,  chemical  eflPects  similar  to  those 
that  are  more  quickly  and  energetically  brought  about  by  the  action 
of  elastic  limfi.  In  fact,  the  agricultural  effects  of  "liming"  are  only 
in  degree  different  from  those  produced  by  marling  with  finel^^  pul- 
reri zed  carbonate;  and  in  nature  the  same  relation  is  strikingly  ex- 
emplified in  the  peculiarly  black  humus  that  is  characteristic  of 
calcareous  soils,  but  which  can  be  much  more  quickly  formed  under 
the  inflaence  of  caustic  lime  on  peaty  soils. 

In  the  analysis  of  silicates  we  employ  caustic  lime  for  the  setting- 
free  of  the  alkalies  and  the  formation  of  easily  decomposable  silicates, 
by  igniting  the  mixture;  but  the  carbonate  will  slowly  produce  a 
similar  change,  both  in  the  laboratory  and  in  the  soils  in  which  it  is 
constantly  present.  This  is  strikingly  seen  when  we  contrast  the 
analyses  of  calcareous  clay  soils  of  the  humid  region  with  the  cor- 
responding non -calcareous  ones  of  the  same.  In  the  former  the  pro- 
portions of  dissolved  silica  and  alumina  are  almost  invariably  much 
greater  than  in  the  latter,  so  far  as  such  comparisons  are  practicable 
without  assured  absolute  identity  of  materials.  That  is,  calcareous 
clays  or  clay  soils  are  so  sure  to  yield  to  the  analyst  large  precipitates 
of  alumina,  that  experience  teaches  him  to  employ  smaller  amounts 
for  analysis  than  he  would  of  non-calcareous  materials,  in  order  to 
avoid  nnmanagebly  large  bulks  of  alnminic  hydrate.  It  is  but  rarely 
that  even  the  heaviest  non-calcareous  soils  yield  to  the  acid  usually 
used  in  soil  analysis  more  than  10  per  cent,  of  alumina;  while  heavy 
calcareous  clay  (prairie)  soils  commonly  yield  between  13  and  20  per 
cent.*  It  would  be  interesting  to  verify  this  relation  by  artificial 
digestions  of -oi)e  and  the  same  clays  with  calcic  carbonate  at  high 
temperatures,  as  it  must  always  be  extremely  difficult  to  insure  abso- 
lute identity  of  all  other  conditions  in  the  natural  materials. 

In  most  of  these  cases,  what  is  true  of  alumina  is  also  true  of  the 
soluble  silica.  But  since  the  latter  is  constantly  liable  to  be  dissolved 
out  by  solutions  of  carbonated  alkalies,  it  is  not  surprising  that  this 
relation  is  not  always  shown.  What  is  shown  in  very  many  cases  is 
that,  since  the  amount  of  alumina  dissolved  greatly  exceeds  that  of 
soluble  silica,  a  portion  of  the  latter  must  be  present  in  a  different 
form  from  that  of  clay  (kaolinite);  the  only  choice  being  between  that 
of  complex  hydrous  silicates  (none  of  which,  however,  could  contain  as 
large  a  percentage  of  alumina  as  clay  itself)  and  alumiuic  hydrate. 
The  latter  is  alone  capable  of  explaining  the  presence  of  more  alumina 
than  silica  in^  easily  soluble  form;   and  the  visible  occurrence  of 

♦Report  of  the  Tenth  Census,  vols.  6  and  6 ;  see  especially  the  analyses  of  soils  from 
Mississippi  and  Alabama.     Also  the  Reports  of  the  California  Experiment  Station. 
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<^  gibbsite  "  in  modern  formations  renders  this  a  perfectly  simple  and 
acceptable  explanation.  Since  this  mineral  is  known  to  be  incapable 
of  crystallization )  we  are,  moreover,  led  to  the  presumption  that  it 
will,  as  a  rale,  be  foand  in  the  finest  portions  of  the  soil,  viz.,  in  the 
^^  clay  "  of  mechanical  analysis.  What  part  it  may  take  in  modifying 
the  physical  properties  of  the  soil,  we  can  thus  for  only  conjecture;  in 
two  conspicuoas  cases  of  this  kind,  from  Mississippi  and  California,* 
the  soil  material  is  characterized  by  snch  extraordinary  tenacity  and 
adhesiveness  as  to  render  tillage  almost  practically  impossible,  while 
the  natural  plant  growth  is  very  scanty.  No  corresponding  extreme 
physical  condition  is,  however,  exhibited  by  the  soils  from  Washington 
and  Oregon  of  which  analyses  are  given  on  page  14,  in  which  an  excess 
of  alumina  over  soluble  silica  is  likewise  shown. 

There  is  no  very  obvious  reason,  from  the  chemical  standpoint,  why 
iron,  that  is,  ferric  hydrate  or  iron  rust,  should  be  more  abundant  in 
the  soils  of  the  arid  regions,  as  the  averages  given  in  the  table  suggest ; 
moreover,  the  fact  does  not  impress  itself  upon  the  eye,  since  the 
whitish  or  grayish  tints  are  by  far  more  common  in  the  arid  than  in  the 
humid  regions  of  the  United  States  at  least.  The  Galifomia  average 
is  considerably  influenced  by  the  very  highly  ferruginous  soils  from  the 
foothills  of  the  Sierra  Nevada;  that  of  Oregon  by  the  black,  highly 
ferruginous  country  rock,  from  which  they  are  partly  derived.  The 
average  for  Montana  is  not  higher  than  that  of  three  states  of  the 
humid  region,  and  less  than  that  of  Kentucky.  We  might  imagine  a 
cause  for  depletion  of  iron  in  the  soils  of  the  humid  areas  in  the  fre- 
quency with  which  humid  moisture  and  high  temperature  will  during 
the  summers  concur  toward  the  bringing  about  of  a  reducing  process 
in  the  soil,  which  by  getting  the  iron  into  proto-carbonate  solution 
would  make  it  liable  to  be  leached  into  the  subsoil,  as  is  frequently  the 
case ;  yet  the  resulting  <'  black  gravel  "  or  bog  ore,  in  its  various  forms, 
is  of  not  unfrequent  occurrence  in  the  arid  regions  also.  I  therefore 
am  not  satisfied  that  a  constant  difference  due  to  climatic  conditions 
is  shown  by  the  data  thus  far  at  command. 

An  unexpected  and  apparently  well-defined  contrary  relation  appears 
to  be  shown  as  regards  the  related  metal  manganese ;  the  average  per- 
centage of  which  is  in  all  cases  less  in  the  arid  than  in  the  humid  re- 
gion, on  the  average  over  one  to  two.  The  cause  of  this  relation  is 
altogether  obscure ;  it  is  too  well  maintained  to  be  accidental.  In* any 
it  is,  so  far  as  we  know,  of  no  consequence  to  vegetation. 

As  regards  that  highly  important  soil  ingredient,  phosphoric  acid, 
the  indication  in  the  table  that  there  is  no  characteristic  difference  in 
the  average  contents  in  soils  of  the  arid  and  humid  regions,  respectively, 

• 

*  These  cases  are  Noe.  208  and  207,  Mississippi  (Rep.  Tenth  Census,  vol.  5,  p.  266), 
in  which  the  soluble  silica  and  alumina  stand  in  the  ratio  of  about  seven  to  over  twenty; 
and  No.  703,  California  {ibid.,  vol.  6,  p.  712),  in  which  the  ratio  is  as  nine  to  nearly  six- 
teen.   See  also  the  table  above,  page  14. 
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ig  doabtless  oonect.  This  sabstanoe  is  so  teDacioosly  retained  by  all 
soils  that  there  is  no  conceivable  reason  why  there  should  be  any  ma- 
terial inflaenoe  exerted  npon  its  quantity  by  leaching,  or  by  any  of  the 
dilTerenoes  iii  the  process  of  weathering  that  are  known  to  exist 
between  the  two  climatic  regions.  Moreover,  it  is  obvious  that  the 
average  for  the  arid  region  is  made  up  out  of  v^ry  widely  divergent 
data;  that  of  Oalifomia  exceptionally  low  (lower  than  any  of  those  for 
the  humid  regions),  while  those  for  Washington  and  Montana  are  ex- 
ceptionally hi  gh .  The  latter  is  due  to  country  rocks  showing  abundance 
of  microBOopic  crystals  of  apatite,  which  in  some  cases  raise  the  con- 
tents of  the  soils  in  phosphoric  acid  to  nearly  twice  the  average  given 
for  the  states. 

The  forecast  that  for  most  California  soils,  fertilization  with  phos- 
phates is  of  exceptional  importance,  has  already  been  abundantly  con- 
firmed by  experience. 

The  showing  made  by  the  table  regarding  sulphuric  acid,  that  sul- 
phates are  less  abundant  in  the  soils  of  the  arid  than  that  of  the  humid 
region,  is  surprising  in  view  of  the  prevalence  of  sulphates  of  the  alka- 
lies, which  show  themselves  in  the  form  of  efflorescence  but  too  fre- 
quently. It  is  true  that  the  majority  of  such  alkali  soils  have,  on  ac- 
count of  their  exceptional  and  local  nature  (and  usually  heavy  lime 
contents),  been  excluded  from  the  comparison;  otherwise  the  showing 
would  have  been  quite  the  reverse.  No  significance  attaches,  there- 
fore, to  these  figures. 

POTASH  AND  SODA  IN  THE  SOILS  OF  THE  ARID  AND  HUMID  REGIONS. 

The  compounds  of  the  alkali  metals,  potassium  and  sodium,  being 
on  the  whole  much  more  soluble  in  water,  even  without  the  concurrence 
of  carbonic  acid,  than  those  of  calcium  and  magnesium,  the  leaching 
process  that  creates  such  pronounced  differences  in  the  case  of  the 
two  earths  must  affect  the  alkali  compounds  ver^  materially.  .'Com- 
parison of  the  soils  of  the  two  regions  in  this  respect  shows,  indeed, 
very  great  differences  in  the  average  contents  of  potash  and  soda. 
For  potash  the  ratio  is  .216  to  .725  per  cent,  on  the  general  average, 
and  .187  to  .825  per  cent,  in  the  average  by  states;  for  soda,  .091 
per  cent,  to  .264  per  cent,  on  the  general  average,  and  .071  per  cent,  to 
•251  per  cent,  in  the  average  by  states.  For  both,  therefore,  the  gen- 
eral average  ratio  is  as  one  to  between  three  and  four  for  the  humid 
as  against  the  arid  region. 

It  is  curious  that  an  approximation  to  the  ratio  of  one  to  three,  or 
somewhat  less,  is  maintained  in  the  average  proportion  of  soda  to 
potash  in  both  regions ;  but  this  does  not  by  any  means  hold  good  in 
detaU,  very  high  potash  percentages  being  often  accompanied  by  fig- 
ures for  soda  very  much  below  the  above  ratio.  This  is  the  result  of 
an  important  difference  in  the  chemical  behavior  of  the  two  alkalies, 
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which  must  be  coDsidered  somewhat  in  detail  in  order  to  obtain  a  clear 
conception  of  the  process  by  which  alkali  soils  are  formed. 

The  process  of  ^^kaolinization,"  being  that  by  which  clays  are 
formed  out  of  feldspathic  minerals  and  rocks  such  as  granite,  diorite, 
trachyte,  etc.,  results  in  the  simultaneous  formation  of  solutions  of 
carbonates  and  silicates  of  potash  and  soda.  These  coming  in  contact 
with  the  corresponding  compounds  of  lime  and  magnesia,  also  common 
products  of  rock  decomposition,  are  partly  taken  up  by  the  latter, 
forming  complex,  insoluble,  hydrous  silicates  (zeolites).  In  these, 
however,  potash  whenever  present  takes  precedence  of  soda ;  so  that, 
when  a  solution  of  a  potash  compound  is  brought  in  contact  with  a 
zeolite  containing  much  soda,  the  latter  is  partially  or  wholly  displaced 
and,  being  soluble,  tends  to  be  washed  away  by  the  rainfall  into  the 
country  drainage.  Hence  potash,  fortunately  for  agriculture,  is  tena- 
ciously held  by  soils,  while  soda  accumulates  only  where  the  rainfall 
or  drainage  is  insufficient  to  effect  proper  leaching,  and  in  that  case 
manifests  itself  in  the  formation  of  what  is  popularly  known  sa  alkali 
soils;  namely,  those  in  which  a  notable  amount  of  soluble  salts  exist, 
and  are  kept  in  circulation  by  the  alternation  of  rainfall  and  evapora- 
tion ;  the  latter  causing  the  salts  to  accumulate  at  the  surface  and  to 
manifest  themselves  in  the  form  of  saline  crusts  or  efflorescences. 

The  designation  of  alkali  soils  is,  however,  popularly  bestowed  some- 
what indiscriminately  upon  two  classes  of  lands  of  very  different  origin , 
and  requiring  for  their  reclamation  quite  different  treatment.  In  both 
cases  it  is  mainly  the  salts  of  the  alkalies — potash  and  soda — that  imbue 
the  soil  and  tend  to  injure  vegetation.  But  when  we  have  to  deal 
with  seashore  lands  that  owe  their  saline  contents  only  to  the  more  or 
less  continuous  flooding  with  salt  or  brackish  water,  the  conditions 
differ  materially  from  those  prevailing  in  the  case  of  the  true  alkali 
soils,  which  owe  their  contents  of  salts  to  the  scantiness  of  the  rainfall, 
as  heretofore  explained. 

In  the  former  case,  that  of  saline  lands,  it  is  chiefly  common  salt 
(chloride  of  sodium)  with  some  bittern  (chlorides  and  sulphates  of  cal- 
cium and  magnesium)  that  forms  the  soluble  impregnation,  which  is, 
of  course,  practically  independent  of  climatic  conditions.  In  the  latter, 
while  common  salt  is  also  commonly  present,  the  most  abundant  is 
usually  Glauber's  salt  (sulphate  of  soda),  and  with  it  very  frequently, 
as  the  least  welcome  ingredient,  carbonate  of  soda  (sal  soda).  Accord- 
ing to  chemical  laws  the  presence  of  the  latter  substance  excludes, 
practically,  the  earthy  salts  classed  above  as  bittern. 

The  saline  shore  lands,  being  practically  independent  of  climatic 
influences,  lie  outside  of  the  limits  of  this  paper. 

Alkali  lands  are  a  characteristic  feature  of  all  regions  of  scanty  rain- 
fall, and  are  found  on  all  the  continents,  in  Europe,  in  a  portion  of  the 
Hungarian  lowlands,  and  in  a  few  localities  of  Mediterranean  Spain. 
It  is  true  that  occasionally  we  flnd  in  the  humid  regions  limited  areas 
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to  which  salts  of  varioas  kinds  are  carrently  supplied  from  adjacent 
saline  formations,  as  may  be  seen  at  some  points  in  southern  Missis- 
sippi and  northern  Louisiana.  But  such  phenomena  are  entirely  local 
and  do  not  extend  far  from  the  source  of  supply,  because  the  soluble 
salts  are  soon  washed  into  the  country  drainage  by  the  abundant  rains. 

In  the  arid  re^ons,  on  the  contrary,  the  substances  composing  the 
alkali  salts  are  not  only  retained  in  their  first  soluble  form,  but  by 
their  continued  presence  influence  profoundly  the  processes  of  soil 
formation  in  several  ways. 

Id  the  accumulation  of  alkali  salts  of  course  much  depends  upon  the 
nature  of  the  soil ;  for  it  is  obvious  that  in  very  porous  soils  the  leach- 
ing-out  can  occur  much  more  readily  than  in  those  that  permit  of  but 
very  slow  percolation,  so  that  a  rain  may  chiefly  run  off  from  the  sur- 
face and  cease  before  even  an  approach  to  a  complete  downwai*d  pene- 
tration can  have  occurred.  It  is  therefore  a  well-known  fact  that  alkali 
IS  most  troublesome  in  the  heavier  (adobe)  lands;  and  as  these  are 
apt,  in  addition,  to  coincide  with  the  lower  ground,  toward  which  the 
soluble  salts  are  naturally  carried  with  the  seepage,  it  is  not  uncom- 
monly found  impracticable  to  cultivate  these  extremely  rich  lands 
without  special  methods  tending  either  to  diminish  the  alkali  itself, 
or  at  least  to  prevent  its  accumulation  at  the  surface,  where  its  most 
injurious  effects  are  produced. 

It  need  hardly  be  said  that,  special  qualities  of  soil  apart,  the  alkali 
salts  decrease  as  hills  or  mountains  are  approached,  where  increased 
slopes,  and  usually  pervious  soils,  combine  to  permit  of  their  leaching- 
ont  with  even  a  relatively  scanty  rainfall.  And  inasmuch  as  ordinarily 
the  rainfall  increases  rapidly  with  elevation,  everything  concurs  to 
prevent  the  accumulation  of  alkali  in  mountainous  or  even  hilly 
regions.  High-lying  plains  or  plateaus,  however,  do  not  by  any 
means  necessarily  share  this  exemption,  as  is  well  illustrated  in  the 
case  of  the  great  interior  plateaus  of  America  and  Asia. 

THE  AliKAIil  IiANDS  OF  THE  ARID  REGIONS. 

CLIMATIC  LIMITATIONS  OF  ALKALI  LANDS. 

CALIFORNIA. 

The  question  concerning  the  amount  of  rainfall  under  which  alkali 
salts  can  be  retained  by  the  soil  to  a  noticeable  and  injurious  extent, 
can  best  perhaps  be  investigated  in  California,  where  the  eastern 
portion  of  the  Great  Valley  constitutes  a  region  of  very  regularly 
varied  rainfall;  ranging  from  an  annual  mean  of  34.60  inches  at  Red- 
ding on  the  north  to  (usually)  less  than  6  inches  at  Bakersfield  on  the 
south.  The  following  table  shows  the  decrease  of  rainfall  to  south- 
ward for  a  number  of  principal  points  in  the  valley: 
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Table  of  rainfall  on  the  ecut  side  of  the  great  vaU^  of  Calif omia. 


station. 


Redding..., 
BedBIoff.. 

Chico , 

Nicolaus... 
Sacramento 

Gait 

Stockton... 


Rain&ll. 


IncheB. 
34-60 
23.79 
20.91 

18.  §5 
19.80 

16.72 

X3<x8 


Station. 


Rain&ll. 


L«throp... 
Modesto... 
lieroed. . . . 
Kresno.  ... 
Talare  .... 
Bakersfield 


11.88 

9-57 
10.30 

9.02 

7.00 

6.08 


Apart  from  the  decrease  of  rainfall  to  southward  there  is  also  a 
diminution  from  the  eastern  border  of  tfae  valley  toward  the  axis,  and 
at  some  points  even  to  the  foot  of  the  Coast  Bange  on  the  western 
border.  Thus  Chico,  on  the  east  border,  has  nearly  21  inches ;  Orlando 
in  the  same  latitude,  but  on  the  western  edge  of  the  valley,  16  inches. 
Marysville,  on  the  east,  18.9;  Colusa,  in  the  axis,  16.24;  Williams, 
on  the  west,  13.32  only.  Tehama,  only  10  miles  south  from  Bed  Bluff, 
has  not  qnite  16  inches  against  23.79  at  the  former  place.  Of  course,, 
local  conditiona  with  respect  to  prevailing  air  currents  have  much  to 
do  with  discrepancies,  which,  however,  do  not  invalidate  the  general 
conclusions. 

Boughly  speaking,  it  may  be  said  that  the  increase  of  alkali  runs 
parallel  with  the  decrease  of  rainfall  in  the  valley ;  it  is  at  its  maxi- 
mum  near  the  south  end,  at  its  minimum  near  the  north  end,  which, 
in  fact,  it  does  not  reach.  So  far  as  its  prevalence  to  an  injurious 
extent  is  concerned,  it  practically  ends,  east  of  the  Sacramento  Biver, 
at  or  near  the  city  of  Sacramento,  with  an  average  rainfall  of  nearly 
20  inches.  Here  the  proximity  to  the  base  of  the  Sierra  foothills  ex- 
erts a  disturbing  influence,  for  we  find  at  Marysville,  forty  miles 
farther  to  northward,  but  also  farther  out  in  the  valley,  only  18.9* 
inches.  Local  conditions  prevent  the  accumulation  of  alkali  salts  east 
of  the  Sacramento  Biver  in  this  latitude ;  but  immediately  across,  on 
the  west  side,  all  the  heavier  lands  are  alkaline,  and  with  a  rainfall  of 
about  16  inches  so  continue,  decreasingly,  nearly  to  the  head  of  the 
valley  near  Tehama. 

To  southward  in  the  San  Joaquin  Valley,  likewise,  there  is  a  gen- 
eral increase  of  alkali  in  the  soil  to  westward,  and  in  some  regions 
clear  to  the  foot  of  the  coast  range.  The  reason  is,  in  part,  the  scanty 
drainage  from  that  range,  and  the  fact  that  the  (tertiary)  beds  forming 
the  immediate  slopes  are  charged  with  both  alkaline  and  earthy  salts, 
and  thus  combine  to  increase  the  saline  contents  of  the  soils  inde- 
pendently of  climatic  conditions;  so  that  even  the  waters  of  many 
streams  ai^e  in  summer  undrinkable.  From  similar  causes  limited 
alkali  areas  exist  locally  even  near  the  coast,  where  the  rainfall  is  in 
excess  of  20  inches. 

While,'therefore,  it  can  not  be  rigorously  said  that  a  certain  rainfaU 
conditions  in  all  cases  the  alkalinity  or  non-alkalinity  of  soils,  it  cer- 
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taiDly  appears  that  in  Galifornia,  at  least,  20  inches  of  rainfall  is  the 
upper  limit  beyond  which  the  retention  of  any  considerable  amount  of 
soluble  salts  in  the  soil  becomes  impossible  under  ordinary  conditions 
of  soil  and  drainage;  while  below  that  limit  the  degree  of  alkalinity 
is  dependent  more  or  less  upon  local  conditions  as  well  as  soil  texture, 
and  may  or  may  not  reach  the  point  at  which  these  salts  become  of 
serious  import  to  agriculture. 

OBEOON  AND  WASHINaXON. 

If  we  extend  the  inquiry  to  other  regions,  notably  to  eastern  Oregon 
and  Washington  on  the  north,  where  the  climatic  regime  is  similar  to 
that  of  the  ^<  Franciscan  "  -region  of  California,  modified  mainly  by  the 
greater  cold  of  winter;  we  still  find  the  same  rule  to  hold  good. 
There  also  the  bulk  of  the  rain  or  snow  falls  in  the  six  months  from 
November  to  April,  inclusive,  the  rest  of  the  year  being  practically 
rainless  so  far  as  any  efficiency  toward  the  leaching-out  of  soluble  soil 
ingredients  is  concerned.  This  is  especially  true  of  the  portions  of 
these  states  lying  between  the  Cascade  Bange  on  the  west  and  the 
western  branch  of  the  Bocky  Mountains  (the  Coeur  d'Alene  ranges) 
on  the  east,  the  Spokane  Biver  on  the  north,  and  the  Blue  Mountains 
on  the  south;  excepting,  of  course,  that  portion. which,  on  account  of 
its  proximity  to  the  eastern  chain,  already  enjoys  a  proportionally  in- 
creased rainfall  (to  wit,  the  Palouse  and  Walla  Walla  country),  and 
like  northern  California  can  produce  annual  crops  without  irrigation.  . 
Perhaps  there  is  no  part  of  the  United  States  so  severely  afflicted  with 
an  excess  of  alkali  salts  near  the  surface  as  is  the  southern  portion  of 
what  is  known  as  the  <'  Bend  "  country  in  Washington  (Great  Plain  of 
the  Columbia),  with  its  lakes  and  streams  of  alkali  water.  Yet  the 
northern  half  of  the  region  is  not  only  well  suited  to  agriculture,  but 
is  actually  rendered  more  so,  in  part,  by  the  presence  of  a  moderate 
amount*of  alkali  salts.  For  the  rainfall  of  this  region  we  as  yet  have 
no  data  except  the  popular  statement  that  it  is  awfully  dry  in  the 
alkali  region  of  the  southern  portion ;  while  an  increase  toward  the 
north  must,  apart  from,  the  successful  cultivation,  be  inferred  from 
the  increase  of  timber  as  we  approach  the  Spokane,  and  the  fact  that 
beyond  that  stream  pine  forest  at  once  sets  in.  The  precipitation  at 
Fort  Spokane,  not  far  from  the  junction  of  the  river  with  the  Colum- 
bia, is,  however,  only  about  twelve  inches;  at  Ellensburg,  on  the 
upper  Yakima  (west  of  the  Columbia  and  farther  to  southward),  nine 
inches ;  and,  judging  from  the  character  of  the  vegetation,  there  is 
even  less  on  the  lower  Yakima.  ■  Throughout  this  region  alkaline 
efflorescences  occur  on  most  of  the  lower  lands ;  while  the  rolling  lands, 
owing  to  the  pervious  (silty)  character  of  the  soils,  are  generally  free 
from  any  noticeable  taint.  Fort  Simcoe,  lying  to  southward  at  the 
northern  foot  of  the  partly  wooded  range  which  borders  the  Columbia 
fiiver  to  northward  of  The  Dalles,  has  over  13  inches,  doubtless  on  ac- 
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count  of  that  proximity;  but  to  eastward  the  forest  soon  terminates 
and  the  range  abuts  on  the  Takima  plain,  completely  bare  of  tree 
growth  and  largely  even  of  shrubs. 

CENTRAL  MONTANA. 

With  a  rainfall  ranging  mostly  between  7  and  14  inches,  central 
Montana  affords  an  interesting  field  of  study  in  respect  to  the  limita- 
tion of  alkali  by  the  amount nof  rainfall.  Here  the  city  of  Helena 
occupies  nearly  the  same  relative  position  toward  the  Rocky  Moun- 
tains as  does  Sacramento  toward  the  Sierra  Nevada,  and  the  rainfall 
of  the  two  cities  is  almost  identical,  being  close  to  20  inches.  Owing 
to  the  location  on  a  slope,  no  alkali  appears  within  the  city ;  but,  as  at 
Sacramento,  it  comes  to  the  surface  in  the  trough  of  the  plain,  to 
northward,  and  with  decreasing  rainfall  becomes  more  and  more  con- 
spicuous and  troublesome  as  we  descend  the  Missouri  toward  Fort 
Benton ;  the  maximum  being  reached  (together  with  the  minimum  of 
rainfall,  so  far  as  known — 6.95  inches)  in  the  region  of  about  Fort 
Shaw,  on  Sun  River,  a  western  tributary  of  the  Missouri.  Here  again, 
the  perviousness  of  the  silty  soils  makes  the  existence  of  alkali  salts 
less  apparent  on  the  surface,  but  it  becomes  disagreeably  obvious  in 
the  water  of  the  springs,  lakelets,  and  small  streams  of  the  region. 
East  of  the  Missouri,  the  several  groups  and  chains  of  mountains  sur- 
rounding the  Judith  Basin  modify  the  conditions  of  precipitation  to  a 
considerable,  but  not  as  yet  accurately  recorded,  extent,  leaving  the 
northern  part  of  the  basin  almost  free  from  alkali  land;  but  the  south- 
ern portion,  as  well  as  the  slopes  toward  the  valley  of  the  Musselshell 
River,  are  scarcely  anywhere  entirely  free  from  the  alkali  taint. 
Toward  the  Yellowstone  drainage  area  there  is  a  gradual  decrease  of 
salts,  and  in  the  Yellowstone  Valley  itself  alkali  ceases  to  be  a  matter 
of  practical  interest. 

These  examples  may  sufiQce  to  show  that  while  the  presence  of  alkali 
is  dependent  upon  a  certain  deficiency  of  rainfall,  yet  that  fact  alone 
does  not  necessarily  imply  its  presence  to  any  practically  important 
extent,  the  greater  or  less  perviousness  of  the  soil  and  of  the  substrata, 
as  well  as  a  certain  slope  of  the  surface,  being  effectual  in  counteract- 
ing the  accumulation.  Nevertheless,  as  the  table  of  soil  composition 
shows,  such  deficiency  remains  potent  everywhere  in  bringing  about 
the  main  characteristics  of  the  soils  of  the  arid  region,  to  wit.,  high 
percentages  of  lime,  magnesia,  and  potash,  and,  relatively,  of  soda. 

INDIA. 

In  India  we  find,  in  the  Indo-Gangetic  plain,  a  large  area  in  which 
alkali  (reh)  is  more  or  less  troublesome  to  cultivation ;  extending  all  the 
way  from  the  Indus  and  the  Arabian  Sea  to  a  little  beyond  the  Gauges, 
and  from  the  Gulf  of  Cutch  on  the  south  to  Afghanistan  on  the  north, 
including  all  of  Sind,  Rajputana,  the  plains  of  the  Punjab,  the  North- 
west Provinces,  and  part  of  Oudh,  to  within  a  short  distance  of  the 
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Himalaya  ranges,  incading  Lahore.  Withiu  this  vast  region  the  rain- 
fall varies  fr6m  a  minimum  of  4.3  inches  at  Jacobabad,  on  the  Afghan 
frontier  beyond  the  Indus,  to  over  30  at  Gawnpore  on  the  Ganges. 
We  have  but  very  scanty  data  as  to  the  extent  to  which  alkali  salts 
prevail  to  an  injurious  extent  within  this  area;  all  the  provinces  men- 
tioned above  are  reported  as  suffering  from  "  reh''  more  or  less;  but 
singnlarly  enough  the  one  region  in  which  the  evil  has  caused  the  ap- 
pointment of  a  government  commission  to  investigate  its  causes  and 
remedies  is  the  one,  which,  from  the  amount  of  rainfall,  one  would  have 
supposed  to  be  exempt  from  alkaline  efflorescences.  This  is  the  country 
bordering  upon  the  rivers  Jumna  and  Ganges,  and  including  the  im- 
portant cities  of  Delhi,  Meerut,  Agra,  and  Cawnpore.  It  is'doubtless 
becanse  of  this  fact,  and  of  the  high  value  of  the  land  created  by  the 
extensive  irrigation  canals  deriving  their  water  from  the  two  rivers, 
that  the  subject  has  here  attracted  such  attention.  The  minimum  rain- 
fall occurs  at  Aligarh  (24.3  inches),  with  28.5  at  Meerut  and  27.6  at 
Delhi  on  the  north,  26.5  at  Agra  and  26.7  at  Etawah  on  the  south. 
AH  these  figures  are  materially  above  what  in  the  arid  region  of  North 
America  appears  to  be  the  upper  limit  permitting  of  alkali  effloresc- 
ences, viz.,  20  inches  or  thereabouts;  and  the  question  as  to  the  cause 
of  this  difference  is  of  considerable  interest,  the  more  as  no  complaints 
of  trouble  with  "reh"seem  to  come  from  the  Deccan  in  southern 
India,  where  the  same  average  rainfall  of  24  to  30  inches  prevails. 

A  study  of  the  distribution  of  the  rains  through  the  year  seems  to 
account  for  the  inefficacy  of  the  rains  in  leaching  the  soil  of  the 
Northwest  Provinces  of  its  surplus  salts.  Unlike  the  "  Franciscan  " 
type  of  climate,  in  which  nearly  all  the  rainfall  is  concentrated  within 
a  consecutive  period  of  six  months,  during  which  the  soil  is  constantly 
kept  wet  enough  to  permit  of  percolation  downward,  the  rains  of  north- 
west India  fall  more  or  less  in  all  months  of  the  year  save  November, 
bat  nsnally  in  such  small  amounts  that  no  percolation  is  brought  about, 
save  that  in  the  months  of  July  and  August  nearly  half  of  the  annual 
precipitation  comes  down  in  torrential  form,  ill  calculated  to  produce 
more  than  a  wetting  of  the  soil  to  a  depth  whence  capillary  rise  will 
again  ciirry  the  soluble  salts  to  the  surface.  In  the  Deccan  (south- 
central  India)  the  distribution  of  the  rains  is  less  abrupt,  keeping  up 
more  or  less  from  March  to  December,  inclusive,  and  with  fewer  tor- 
rential downi)ours.  How  little  the  latter  can  do  towards  removing  the 
alkali  salts  is  strikingly  apparent  even  in  Washington  and  Montana, 
where  summer  thunderstorms  sometimes  cause  a  sudden  rise  of  the 
streams,  quickly  followed  by  dry  stream  beds.  Such  rains  are  as 
powerless  to  act  upon  the  alkali  in  the  soil  as  are  the  often  repeated 
attempts  to  remove  even  the  superficial  efflorescences  by  quick  and  brief 
flooding.  The  first  touch  of  the  water  dissolves  the  salts  and  the  dry 
soil  beneath  instantly  absorbs  the  solution,  leaving  the  bulk  of  the 
water  to  flow  by  uselessly. 
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While  to  this  exteut  the  occarrence  of  alkali  salts  in  India  differs 
somewhat  from  that  in  North  America,  all  the  rest  of  the  character- 
istics of  the  ^'  reh-plagne  "  are  the  same  in  both  conntries,  and,  so  far 
as  data  are  available,  everywhere  in  the  world.  Unfortunately,  the 
records  even  of  the  geological  suivey  of  India  supply  but  scanty  de- 
tails in  regard  to  the  facts,  although  a  good  deal  of  discussion  is  had, 
from  which  we  glean  cursorily  the  main  features  of  the  case.  The 
calcareous  nature  of  the  '<  reh  "  soils  and  their  tendency  to  form  hard- 
pan  or  ^^kankar"  which  aggravates  the  evil,  are  referred  to  in  con- 
nection with  the  leaching-out  of  the  carbonate  of  lime  from  the  higher 
slopes.  The  fact  that  the  bottom  water  is  frequently  charged  with 
salts,  while  deeper  wells  are  free  from  any  unusual  taint,  is  mentioned 
in  connection  with  the  effects  of  irrigation ;  the  undoubted  fact  that 
irrigation  has  increased  the  reh  area  is  referred  to,  but  the  connection 
with  the  high-lying  canals  is  called  in  question,  because  (as  stated)  no 
sensible  dilution  of  the  soil  water  has  apparently  taken  place.  Those 
who  are  familiar  with  the  corresponding  results  of  an  exactly  similar 
situation  in  Galifornia  will  hardly  be  disposed  to  concur  in  this  doubt. 
As  regards  composition,  also,  the  esact  substances  constantly  found 
in  our  arid  regions  are  mentioned ;  only  considerably  greater  stress  is 
laid  upon  the  occurrence  of  nitrates,  and  nitrate  of  lime  is  mentioned 
as  a  possible  good  antidote  for  the  carbonate  of  soda.  It  is  not  easy 
to  see,  from  our  point  of  view*,  how  a  sufficient  amount  of  so  expensive 
a  salt  should  be  procured  for  practical  purposes,  and  why  the  cheap 
and  abundant  sulphate  (gypsum)  is  not  preferred  in  the  recommenda- 
tion. 

ALKALI  LAND  OF  OTHEB  COUNTRIES. 

Turning  to  other  countries  of  notably  deficient  rainfall  from  which 
data  in. point  are  available,  we  find  in  Egypt,  Arabia,  Syria,  and 
Persia,  as  well  as  in  the  Aralo-Gaspian  plains,  to  the  northern  borders 
of  Afghanistan,  a  state  of  things  quite  analogous  to  that  of  the  arid 
regions  of  North  America  and  India.  Soils  of  extraordinary  and  last- 
ing fertility  when  irrigated;  a  frequent  mention  of  calcareous  hardpan 
or  tufa  on  the  part  of  observant  travelers;  saline  efflorescences  as 
obstacles  to  cultivation;  saline  bottom  waters,  barely  drinkable,  in  the 
shallow  wells  which  alone  the  natives  have  found  energy  enough  to 
dig;  these  are  matters  of  constant  mention,  but  too  frequently  at- 
tributed to  the  evaporation  of  the  supposed  salt-water  basins.  The  cli- 
matic data  available  from  these  countries  are  mostly  too  scanty  to  de- 
termine what,  in  each  of  them,  is  the  limit  of  rainfall  beyond  which 
alkaline  salts  cease  to  become  apparent  on  the  surface.  It  is  interest- 
ing to  note,  in  examining  the  records,  how  nearly  the  seasonal  distri- 
bution and  amount  of  rain  credited  to  Jerusalem  agrees  with  the 
<^  Franciscan  "  climate  of  central  California;  about  22  inches,  falling 
from  November  to  April,  inclusive,  enabling  crops  to  grow  without  irri- 
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SstMii  aod  preventing  the  accamulation  of  alkali  salts  to  any  iDJurious 
extent. 

I  am  not  aware  that  the  subject  of  alkali  lands,  and  the  conditions  of 
their  existence  and  reclamation,  have  attracted  the  attention  of  the 
French  colonies  on  the  African  coast  quite  as  mnch  as  the  manifest  im- 
portance of  the  subject  woald  seem  to  justify.  The  '^  shotts  "  on  the 
northern  edge  of  the  desert  seem  to  be  regarded  as  hopeless  alkali 
sinks  only,  from  which  to  obtain  soda  for  technical  uses,  as  is  also  done 
in  Fezzan. 

Pretty  much  the  same  indifference'  appears  even  in  Europe,  in  the 
Hungarian  plain,  where  the  gathering  of  '<  shekso  "  or  crude  soda, 
rather  than  cultivation,  seems  to  be  considered  the  destiny,  of  the 
alkali  lands. 

COMPOSITION  OF  ALKALI  SALTS  IN  DIFFERENT  REGIONS. 

In  order  to  show  the  nature  and  possible  functions  of  the  alkali  salts 
in  solid  I  give  below  a  table  of  analyses,  selected  from  a  large  number, 
to  show  the  great  variety,  as  well  as  certain  coincidences  of  composi- 
tion, wherever  found. 
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It  will  be  seen  that  all  over  the  world  the  saline  efflorescences, 
occurring  over  wide  areas  and  owing  tb^ir  existence  to  general 
causes,  have,  as  their  prominent  ingredients,  the  three  sodium  salts — 
chloride  (common  salt),  sulphate  (Glauber's  salt),  and  carbonate  (sal- 
soda).  The  relative  proportions  of  these  vary  greatly,  especially  as 
regards  the  chloride  and  carbonate ;  the  sulphate  is  on  the  whole  the 
one  almost  invariably  present  in  considerable  proportion.  In  addition 
to  these  we  find,  usually  iu  relatively  small  proportions,  what  might 
be  called  accessory  ingredients,  depending  more  or  less  upon  local 
conditions,  climatic  as  well  as  geological,  but  frequently  of  very 
great  practical  importance.  Among  these,  the  salts  of  potassium 
(potash),  the  nitrates,  and  the  phosphates  are  of  particular  interest  to 
agriculture,  since  they  represent  the  three  elements  usually  supplied 
iu  fertilizers;  whence  it  follows  that  their  presence  in  the  soluble 
form  in  such  proportions  as  to  participate  in  the  formation  of  alkali 
crusts  on  the  surface  is  of  no  mean  interest  to  the  farmer,  since  it 
argues  the  occurrence  of  an  excess  of  plant  food  in  the  soil,  and,  there- 
fore, the  needlessness  of  fertilization  while  this  state  of  things  con- 
tinues. 

It  is,  therefore,  of  special  interest  to  determine  to  what  extent  the 
presence  or  absence  of  these  accessories  is  dependent  upon  climatic 
conditions,  and  what  local  conditions  may  modify  the  result. 

Nitrates, — Of  the  accessory  ingredients,  those  most  manifestly  de- 
pendent upon  climatic  conditions  are  the  nitrates.  It  is  well  known 
that  the  process  upon  which  their  formation  depends  is  materially 
conditioned  upon  a  certain  high  temperature  (about  75^  F.);,  a  mod- 
erate degree  of  moisture,  permitting  the  easy  access  of  air  and  forbid- 
ding the  existence  of  reductive  fermentations;  the  presence  of  calcic 
or  magnesic  carbonate;  and,  most  of  all,  upon  that  of  the  ^^  nitrifying 
organism,"  without  which  the  other  conditions  are  powerless  to  act. 
Anything  that  paralyzes  or  destroys  that  organism  is  fatal  to  nitrifi- 
cation. 

Among  the  ingredients  that  might  be  considered  as  certainly  inju- 
rious to  the  life  of  the  organisms  in  question  are  the  chlorides  of  cal- 
cium and  magnesium  (bittern)  and  the  carbonate  of  soda  (and  potash) 
when  present  in  any  large  proportion,  e.  g.,  so  as  to  dissolve  the 
humos  of  the  soil,  forming  what  is  familiarly  known  as  black  alkali. 
We  should  therefore  expect  to  find  nitrates  scarce  or  absent  where 
large  percentages  of  carbonate  of  soda  are  found  in  the  alkaline  salts 
and  relatively  abundant  when  sulphate  and  chloride  are  chiefly  pres- 
ent. Actual  examination  fully  confirms  this  a  priori  conclusion.  The 
oocnrreuce  of  nitrates  in  large  proportion  is  confined  to  those  regions 
in  which  white  alkali  is  predominant — that  is,  neutral  salts  whose 
I»esenoe  does  not  injure  the  activity  of  the  nitrifying  organism.  This 
is  confirmed  also  by  the  fact  that  the  nitre  beds  of  South  America,  as 
well  as  those  of  Nevada  (White  Plains),  contain  the  saltpeter  asso- 
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ciated  only  with  the  two  neatral  salts — salphate  and  chloride  of 
sodiam.  The  same  nile  will  be  observed  to  hold  good  in  the  cases  in 
which  nitrates  are  found  in  notable  amounts  in  the  alkali  salts  from 
Montana  and  California,  of  which  analyses  are  given  above.  No 
nitrates  are  found  in  the  highly  carbonated  salts  of  Washington. 

We  have  thus  in  the  necessarily  calcareous  nature  of  the  soils  of  the 
arid  region  the  fulfillment  of  one  necessary  condition  of  ready  nitrifi- 
cation. In  the  moderate  moisture  condition  of  the  soils  of  the  same 
region  a  favoring  condition,  so  far  as  oxidation  is  concerned,  together 
with  the  substitution  of  eremacansis  (slow  combustion)  of  the  soil 
humus  in  the  place  of  the  fermentations  that  under  humid  conditions 
frequently  not  only  arrest  all  oxidation,  but  also,  by  the  formation  of 
poisonous  compounds  (ferrous  and  manganous  salts),  actually  destroy 
the  life  of  the  nitrifying  organism.  Even  the  exceptional  condition  of 
a  strong  impregnation  with  carbonates  of  the  alkalies  does  not  act  as 
unfavorably  upon  plant  nutrition  as  might  be  inferred,  for  it  is  ap- 
parent from  the  analytical  record  as  well  as  from  the  evidence  of  the 
senses  that  in  that  case  the  evolution  of  ammonia  from  the  humus  can 
serve  as  a  source  of  direct  supply  to  vegetation,  and,  finally,  whatever 
nitrates  are  formed  are  not,  as  in  humid  climates,  liable  to  be  leached 
currently  from  the  soil  beyond  the  reach  of  plants,  but  remain  year 
after  year  in  actual  accumulation.  We  are  thus  justified  in  the  con- 
clusion that  aridity  is  peculiarly  favorable  to  the  supplying  of  nitrogen 
to  plants. 

Potash. — While  the  presence  of  this  substance  is  to  some  extent  de- 
pendent .upon  the  character  of  the  country  rock,  being  often  very  high 
where  (true)  granites  contribute  largely  to  the  soils,  yet  its  accumula- 
tion in  the  soils  themselves  seems  to  follow,  as  a  matter  of  course, 
along  with  and  in  preference  to  the  sodium  salts,  the  cause  of  the 
difi'erence  being  its  more  tenacious  retention  by  the  soil.  As  regards 
the  water-soluble  salts,  it  is  probable  that  where  no  potash  appears  in 
the  analysis  of  an  alkali  salt  it  has  simply  been  overlooked  or  neg- 
lected. It  will  be  noted  that  in  California  and  Montana  potash  salts 
frequently  constitute  from  7  to  10  per  cent,  of  the  whole  mass  of  alkali, 
forming  a  supply  that,  when  calculated  to  the  soil  mass  to  the  depth 
to  which  the  roots  of  crops  are  likely  to  reach,  promises  to  defer  in- 
definitely the  need  of  supplying  potash  fertilizers  to  such  soils.  There 
does  not  appear  to  be  any  relation  between  the  amounts  of  potash 
present  and  the  neutral  or  carbonated  condition  of  the  salts. 

Phosphoric  acid  or  phosphates. — The  slight  solubility  of  earthy  phos- 
phates of  necessity  relegates  the  abundant  occurrence  of  soluble  phos- 
phates to  the  cases  where  the  salts  are  highly  carbonated,  it  is  there- 
fore chiefly  in  the  very  black  alkali  that  we  find  notable  amounts  of 
dissolved  (sodic)  phosphate.  But  in  some  cases  these  amounts  are 
sufficient  to  promise  the  farmer,  as  in  the  case  of  potash  salts  and 
nitrates,  a  long  exemption  from  the  purchase  of  phosphate  fertilizers. 
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In  view  of  these  facts,  it  seems  abundantly  worth  while  to  examine 
carefnllj  the  conditions  under  which  the  two  types  of  alkali  salts — 
the  nentral  or  white,  and  the  alkaline,  carbonated,  or  black — ^respec- 
tively occur,  and  to  what  extent  we  may  be  able  to  control  their  inju- 
rious effects  upon  vegetation. 

FOBMATION  OF  NATURAL  DEPOSITS  OF  CARBONATE  OF  SODA. 

It  is  cnrious  to  search  in  the  past  and  even  current  literature  on  the 
general  subject  for  a  reasonable  explanation  of  the  occurrence  of  car- 
bonate of  soda  in  nature.  There  seems  to  be  a  consensus  of  opinion 
that  the  carbonation  of  the  soda  is  connected  in  some  way  with  the 
presence  of  limestone  or  the  carbonate  of  lime,  and  that  an  exchange 
has  occurred  in  which  either  common  salt  or  Glauber's  salt  have  trans- 
ferred their  acidic  components  to  lime  and  have  become  carbonates 
instead.  But  how  such  an  exchange  is  to  be  effected,  in  view  of  the 
exactly  opposite  reaction  that  occurs  when  alkali  carbonates  and  earth 
sulphates  or  chlorides  are  brought  in  contact  in  our  laboratories,  has 
led  to  many  wild  conjectures  without  a  tangible  basis. 

Yet  the  simple  explanation  of  the  contrary  reaction  was  given  and 
published  as  early  as  1826  by  Schweigger;  in  1859  it  was  again 
observed  by  Alex.  Mailer,  in  a  different  form;  but  neither  these 
chemists,  nor  any  of  their  readers,  appear  to  have  perceived  the  im- 
portant bearing  of  this  reaction,  not  only  upon  the  formation  of  the 
natural  deposits  of  carbonate  of  soda,  but  also  upon  a  multitude  of 
processes  in  chemical  geology. 

Without  going  into  detail,  which  has  been  published  elsewhere,* 
it  may  be  broadly  stated  that  the  formation  of  carbonated  alkalies 
occurs  whenever  the  neutral  alkaline  salts  (chlorides  or  sulphates)  are 
placed  in  presence  of  lime  or  magnesia  carbonates  and  carbonic  acid, 
or  of  alkali  "  super-carbonates"  (hydro-carbonates)  containing  even  a 
slight  excess  of  carbonic  acid  above  the  normal  carbonate;  the  latter 
being  the  actual  condition  of  all  natural  sodas.  In  that  case,  crystals 
of  gypsum  may  be  seen,  e.  ^.,  in  the  residue  from  the  evaporation  of  a 
mineral  water  which  nevertheless  shows  a  strong  alkaline  reaction ; 
and  such  alkaline  reaction  is  also  obtained  when  carbonic  acid  is 
passed  into  a  solution  of  common  salt  in  which  calcic  carbonate  is  kept 
snssended,  the  formation  of  calcic  chloride  being  simultaneous  with 
that  of  the  alkali  hydro-carbonate. 

It  is  easy  to  see  that  these  conditions  are  constantly  being  fulfilled 
in  nature ;  for  the  decay  and  fermentation  of  vegetable  matter  is  con- 
stantly progressing  in  soils,  swamps,  and  lakes,  and  as  evaporation 
progresses  the  alkaline  carbonate  crystallizes  out  on  the  surface,  or 
margins,  while  gypsum  or  calcium  chloride  accumulates  on  the  bottom, 
or  in  the  waters. 


*Proceedings  of  the  American  Association  for  the  Promotion  of  Agi-icultural  Science, 
for  1888  and  1890. 
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It  has  been  shown  above  that  the  soils  of  arid  regions  are  almost 
necessarily  calcareous,  free  carbonate  of  lime  being  present;  as  are 
also  the  salts  of  the  alkalies.  The  conditions  for  the  formation  of  car- 
bonates of  the  alkalies  just  recited  are,  therefore,  fulfilled  wherever 
enough  of  vegetable  decay  (or  evolution  of  carbonic  gas  from  other 
causes)  goes  on  so  as  to  impart  even  a  slight  excess  of  carbonic  acid 
to  the  soil  or  other  water;  and  thus  black  alkali  is  formed,  to  an  ex- 
tent depending  upon  the  excess  of  carbonic  acid  available  for  the  pro- 
cess. It  is  evident  that  this  excess  will  be  greater  in  moist,  close 
soils,  rich  in  humus,  than  in  loose  and  pervious  ones;  and  thus  the 
fact  that  black  alkali  is  mainly  found  in  low  ground,  and  in  rather 
close  soils,  finds  a  ready  explanation. 

WARM  CLIMATES   FAVOR    THE    FORMATION    OF    SODA  CARBONATES. 

But  since  vegetable  decay  is  essentially  dependent  upon  a  certain 
elevation  of  temperature,  and  is  totolly  suppressed  by  a  certain  degree 
of  cold,  it  follows  that,  other  things  being  equal,  the  formation  of  the 
alkaline  carbonates  will  be  most  abundant  in  warm  climates.  The 
record  of  the  occurrence  of  the  soda  deposits  that  in  time  past  were 
of  such  industrial  importance  as  the  only  sources  of  sodic  carbonate, 
answers  fully  the  requirements  of  this  condition.  Bgypt,  the  African 
arid  region  generally,  Mexico,  the  Aralo-Gaspiau  lowlands,  Turkestan, 
and  the  arid  regions  of  western  India,  are  the  well-known  sources 
from  which  the  supplies  of  the  mineral  alkali  (Trona,  Urao)  were 
formerly  obtained.  Were  not  the  reaction  limited  to  relatively  dilute 
solutions,*  its  cheapness  would  soon  drive  all  other  processes  of  soda 
manufacture  out  of  existence. 

We  do  not,  therefore,  ordinarily  expect  to  find  alkaline  carbonates 
abundant  in  the  colder  portions  of  the  arid  region ;  and  this,  as  the 
table  shows,  is  pointedly  true  as  regards  Montana.  But  in  Washing- 
ton, practically  in  the  same  latitude,  the  showing  is  quite  different ; 
we  find  here  not  only  the  carbonate  of  soda  predominant,  but  it  is 
present  in  percentages  as  high  as  those  which,  in  Montana  and  Cali- 
fornia, are  shown  by  the  Glauber's  salt. 

But  examination  also  shows,  in  the  case  of  Washington,  a  special 
causd  of  this  state  of  things.  Almost  the  entire  area  on  which  alkali 
occurs  in  that  state  is  covered  by  the  black  eruptive  rocks,  commonly, 
although  to  a  great  extent  improperly,  called  basalts.  As  eruptives, 
these  rocks  are,  of  course,  entirely  free  from  gypsum,  and  but  very 
rarely  show  even  a  trace  of  sulphurets.  There  is,  therefore,  no  source 
from  which  sulphates  could  derive  their  essential  ingredient;  and 
thus  the  sodic  carbonate,  originally  formed  in  the  decomi)osition  of 
the  basalt  by  the  atmospheric  agencies,  simply  continues  unchanged, 
as  it  emerges  with  the  spring  waters  from  the  crevices  of  the  rocks. 
Yet,  in  a  few  cases,  where  the  basaltic  eruptives  are  overlaid  by  a 

*The  limit  is  reached  at  about  .4  per  cent 
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Bomewhat  considerable  mass  of  stratified  (cretaceous  and  tertiary) 
deposits,  the  sodic  carbonate  is  in  the  minority,  and,  as  in  Montana, 
the  snlphate  predominates. 

That  snch  local  accidents  as  these  should  bring  about  apparent  con- 
tradictions is  to  be  expected  f  yet,  even  in  this  case,  they  prove  the 
rule. 

RECLAMATION  OF  ALKALI  LANDS. 

While  the  details  of  the  subject  of  reclaiming  alkali  lands,  that  is, 
freeing  them  from  the  injurious  effects  of  the  excess  of  salts  so  as  to 
render  them  available  for  profitable  culture,  do  not  lie  within  the 
proper  limits  of  this  paper,  yet  the  importance  of  the  subject  and  its 
direct  connection  with  climatic  conditions  render  it  desirable  that  it 
should  be  discussed  at  least  in  outline. 

EFFECTS  OF  IBBIOATION  UPON  ALKALI  SOILS. 

Since,  as  has  been  elaborately  discussed  above,  the  occurrence  of 
soluble  salts  in  soils  is  directly  due  to  deficient  rainfall  and  consequent 
failure  to  leach  out  the  soluble  matters,  the  direct  inference  might  be 
that  when  irrigation  makes  up  this  deficiency  to  the  extent  required  by 
success  in  cultivation,  the  normal  leaching  process  would  be  estab- 
lished, and  trouble  from  that  source  would  cease.  So  far  from  this,  it 
is  found  in  practice  that  irrigation  greatly  increases  the  accumulation 
of  alkali  at  or  near  the  surface,  often  to  such  an  extent  as  (in  the  case 
of  black  alkali)  to  render  cultivation  impossible  or  at  least  unprofitable. 

The  reason  of  this  apparent  discrepancy  is  simply  that  the  amount  as 
well  as  the  distribution  of  the  irrigation  water  is  different  from  that  of 
the  rainfall  of  the  humid  regions.  Usually  the  amount  of  irrigation 
water  used  is  less  than  the  annual  rainfall  of  humid  climates;  and 
besides,  it  is  used  in  great  abundance  for  a  short  time,  the  object  being 
to  wet  the  soil  just  to  the  necessary  depth  and  no  more.  The  water 
thus  used  carries  the  alkali  with  it;  but  as  it  does  not  reach  the  coun- 
try drainage,  when  evaporation  begins  it  re-ascends  and,  finally,  if  the 
whole  of  the  water  evaporates,  the  whole  of  the  alkali  comes  to,  or  close 
to,  the  surface.  Now  as  irrigation  in  the  arid  regions  usually  pene- 
trates deeper  than  the  rains,  this  implies  that  a  larger  amount  of  alkali 
is  now  carried  to  the  surface  than  was  the  case  before.  If,  worse  than 
this,  a  pervious  soil  and  leaky  irrigation  ditches  gradually^ fill  up  the 
whole  coantry  with  water  from  below,  the  entire  amount  of  alkali  salts 
previously  existing  in  the  dry  soil  mass,  perhaps  to  depths  of  forty  or 
fifty  feet,  is  brought  near  the  surface,  and  thus  the  bottom  water  be- 
comes the  source  of  an  almost  inexhaustible  supply  of  alkali,  which 
may  render  the  further  cultivation  of  the  lands  impossible  unless  done 
away  with. 

UNDERDBAINAGE  THE  UNIVEBSAL  BEMEDT. 

Jt  is  obvious  that  all  these  difficulties  could  be  remedied  by  under- 
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drainage;  for  it  woald  be  perfectly  easy  to  wash  oat  of  the  soils  above 
such  drains  every  trace  of  alkali  by  one  somewhat  prolonged  flooding; 
and  as  the  bottom  water  would  likewise  be  held  in  check  by  the  same 
drains,  no  further  supply  would  rise  from  below  even  in  case  of  an 
ascent  of  the  irrigation  water  by  <<  filling  up."  Underdrainage  is, 
therefore,  a  complete  and  full  remedy  for  alkali  lands. 

But  underdrainage  is  expensive;  moreover,  as  we  have  seen,  the 
alkali  salts  themselves  are  far  from  being  throughout  injurious,  bat 
do  in  fact  almost  always  contain  highly  valuable  soil  ingredients  in 
the  most  available  form.  To  leach  these  out  means  a  heavy  loss  of 
plant  food,  which  would  sooner  or  later  have  to  be  made  up  by  the 
purchase  of  fertilizers. 

REMEDIES  OTHER  THAN  UNDERDRAINAOE. 

If,  then,  there  are  other  less  radical  remedies  that  can  be  applied  by 
the  farmer,  their  use  is  to  be  preferred  on  that  ground  alone.  These 
possible  remedies  will  be  briefly  stated : 

1.  Since  the  soil  water  is  very  rarely  so  strongly  tainted  with  alkali 
salts  as  to  injure  the  roots  directly,  but  becomes  harmful  mainly  when 
accumulated  at  or  near  the  surface  to  such  an  extent  as  to  corrode  the 
root  crown,  the  obvious  remedy  consists  in  preventing  such  accumula- 
tion by  checking  evaporation.  Deep  and  thorough  tillage  persistently 
maintained  throughout  the  season  is  alone,  in  a  large  number  of  cases, 
all  that  is  necessary  for  perfectly  successful  cultivation  of  light  alkali 
lands;  provided  always  that  the  alkali  be  in  the  main  white,  that  is, 
consists  of  the  sulphate  and  chloride  of  sodium,  and  does  not  contain 
any  large  proportion  of  carbonate  of  soda. 

Occupation  of  the  land  by  a  crop  that  fully  shades  the  soil  and  re- 
restricts  evaporation  to  that  which  goes  on  through  the  leaves  of  the 
plants,  also  permits  of  profltable  use  of  alkali  soils.  Such  crops  are, 
for  instance,  alfalfa,  ramie,  clovers,  etc.  The  main  difficulty  is  usually 
to  secure  a  stand  of  such  crops,  because  of  the  injurious  effects  of  the 
salts  on  germination.  The  same  difficulty  is  experienced  in  rooting^ 
cuttings,  but  the  planting  of  rooted  stock  usually  succeeds  with  good 
tillage. 

2.  If,  however,  the  alkali  be  of  the  black  kind,  strong  enough  to 
dissolve  wholly  or  partially  the  humus  of  the  soil,  the  first  thing  need- 
ful is  the  neutralization  of  the  carbonate,  which,  when  raised  to  the 
surface,  not  only  exerts  a  powerfully  corrosive  action  ui)on  the  root 
crowns  and  stems  of  plants,  but  kills  all  small  seeds  and  thus  prevents 
the  obtaining  of  a  stand.  But  its  injurious  action  does  not  end  there ; 
in  even  moderately  clayey  soils  it  renders  tillage  almost  impossible  by 
destroying  the  tilth  or  <^  flocculation  "  of  the  clay,  and  converting  the 
soil  into  a  mass  more  suitable  for  the  potter's  lathe  than  for  tillage. 
Moreover,  it  dissolves  that  important  soil  constituent,  humus  or  vege- 
table mold,  and,  as  has  been  stated  already,  by  impairing  or  destroy- 
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ing  the  vitality  of  the  nitrifying  organism  it  also  prevents  one  of  the 
most  essential  processes  in  the  soil,  conducive  to  plant  nutrition. 

aTPSUM  NEUTRALIZES  BLACK  ALKALI. 

The  neatralization  or  transformation  required  is  easily  and  cheaply 
accomplished  by  the  use  of  gypsum  or  land  plaster,  which,  under  normal 
conditions  of  culture,  exchanges  its  acidic  constituent  with  the  sodic 
carbonate,  resulting  in  the  formation  of  carbonate  of  lime  and  sul- 
phate of  soda,  or  Glauber's  salt,  in  other  words,  white  alkali. 

The  contrary  reaction,  by  which  limestone  and  Glauber's  salt  may 
form  carbonate  of  soda  and  gypsum,  can  only  occur  under  conditions 
incompatible  with  good  cultivation,  and  practically,  as  experience 
shows,  does  not  occur  to  a  sufficient  extent  to  vitiate  the  practical 
success  of  the  gypsum  treatment  of  black  alkali  lands. 

3.  But  the  usefulness  of  the  gypsum  does  not  end  there.  While 
correcting  the  physical  (tillage)  conditions  of  the  soil  and  preventing 
any  damage  by  corrosion,  it  also  renders  insoluble  the  humus  taken 
up  and  dissolved  by  the  carbonate  of  soda,  giving  it  back  to  the  soil. 
Moreover,  when  soluble  phosphates  are  present,  this  precious  soil  in- 
gredient is  also  withdrawn  from  solution  and  is  retained  in  the  soil  in 
a  most  effective  form. 

Whether  or  not  gypsum  also  tends  to  render  potash  held  in  solution 
less  soluble  by  the  formation  of  complex  silicates  is  a  point  not  yet 
determined.  It  of  course  does  not  and  cannot  prevent  the  waste  by 
leaching  out  of  the  important  and  costly  nitrates  through  any  chemi- 
cal action.  But  as,  practically,  the  use  of  gypsum  in  sufficient  amounts 
renders  unnecessary,  probably  in  three  out  of  four  cases,  the  resort  to 
the  costly  ultimate  remedy,  underdrainage,  dnd  enables  the  farmer  to 
deal  with  the  alkali  by  merely  maintaining  very  thorough  cultivation, 
it  does  to  that  extent  subserve  an  important  use  in  respect  to  the 
saving  of  nitrates  also. 

So  far,  then,  as  the  dreaded  alkali  salts  are  concerned,  it  is  perfectly 
feasible,  in  the  vast  majority  of  cases,  to  conquer  them  by  the  judi- 
cious ase  bf  these  remedies,  retaining  in  the  soil  a  wealth  of  plant  food 
which  in  humid  climates  would  have  passed  into  the  streams  and  the 
sea. 

4.  Oaleareous  hardpan. — As  to  the  frequent  occurrence  of  calcareous 
hardpan — the  kankar  of  the  '^  usar-Iands"  of  India — it  adds  a  diffi- 
culty in  preventing  the  penetration  of  roots  as  well  as  of  water;  and 
when  leaky  irrigation  ditches  in  pervious  soils  cause  the  bottom  water 
to  rise  from  below,  the  saline  solution  that  forms  the  upper  layer  of 
that  water  (as  the  result  of  upward  leaching  of  the  whole  soil)  flows  in 
over  the  edges  of  the  basin-shaped  hardpan  areas,  and  of  course 
remains  and  evaporates  there,  causing  a  local  and  exceedingly  rapid 
increase  of  the  alkaline  impregnation,  sometimes  resulting  in  the 
formation  of  small  alkali  ponds. 
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The  breakiDg-up  of  this  hardpan  layer  is  the  most  important  thing 
to  be  done;  bat  as  it  rarely  lies  shallow  enough  to  be  reached  even 
by  the  deepest  plowing,  it  has  been  fonnd  best  to  reserve  such  lands 
for  the  planting  of  fmit  trees,  or  vines,  and  before  doing  so  to  break 
up  the  hardpan  around  the  spots,  where  the  holes  are  made  either  with 
crowbars  or  (in  America  at  least  more  cheaply)  by  small  charges  of 
moderately  strong  dynamite,  which  so  shatter  and  crack  the  hardpan 
that  not  only  can  can  roots  penetrate  to  a  sufficient  extent,  bnt  the 
drainage  thus  induced  seems  often  to  gradually  so  soften  and  crumble 
the  mass  that  it  practically  disappears  as  an  obstacle  to  cultivation. 

In  cases  where  the  existence  of  hardpan  had  not  been  observed  until 
the  trees  planted  began  to  languish  on  account  of  the  inability  of 
their  roots  to  penetrate  to  sufficient  depth,  the  use  of  dynamite  car- 
tridges on  opposite  sides  of  the  young  trees  has  produced  the  necessary 
relief  without  injury  to  the  trees. 

Olayey  hardpan. — On  the  other  hand,  the  compacted,  puddled,  clayey 
layers  that  sometimes  takes  the  place  of  the  calcareous  hardpan  in  bad 
cases  of  black  or  carbonate  alkali,  and  are  equally  injurious,  yield 
gradually  to  the  effects  of  the  neutralization  of  the  carbonates  by  gyp- 
sum, which  destroys  the  puddled  condition  of  the  clay  brought  about 
by  the  carbonated  alkali  and  thus  enables  roots  to  penetrate,  and 
water  to  drain  through  these  layers.  This  effect  of  gypsum  may  be 
seen  strikingly  on  pieces  of  such  clayey  crust  that  have  been  brought 
to  the  surface  and  treated  with  gypsum,  which  within  a  few  days 
causes  them  to  crumble,  and  assume  the  normal  condition  of  soil. 

CONCIiUDING  BEMABK8. 

In  the  summary  review  of  the  relation  of  climate  to  soils — the 
two  factors  which  essentially  control  the  production  of  the  necessaries 
of  life — that  forms  the  subject  of  this  paper,  the  scantiness  and  incom- 
pleteness of  the  data  thus  far  available  on  a  topic  as  interesting  theo- 
retically, as  practically  important,  is  painfully  apparent;  and  to  no 
one  more  so  than  to  the  writer  himself,  who  has  made  soil  studies  a 
favorite  pursuit  during  most  of  his  active  life.  While  the  intrinsic 
difficulties  to  be  met  in  such  an  investigation  are  sufficiently  great, 
the  remarkable  looseness  of  observations  bearing  upon  it,  their  usually 
sporadic  and  unsystematic  nature,  and  the  fact  that  they  are  so  thinly 
scattered  in  various  kinds  of  literature — travels,  geography,  statistics, 
reports  on  geological,  meteorological,  topographical,  and  even  botani- 
cal topics,  together  with  endycopedias  and  miscellaneous  technical 
works  of  reference,  renders  their  collation  and  elaboration  very  labori- 
ous and  thus  far  rather  unsatisfactory.  It  should  not,  therefore,  be 
surprising  to  anyone  if  in  this  first  attempt  at  a  systematic  exposition 
of  the  subject  there  are  many  important  gaps  and  omissions  that 
might  have  been  avoided  had  a  more  complete  library  and  a  larger 
share  of  leisure  been  at  command. 
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It  may  be  hoped,  however,  that  this  paper  may  serve  at  least  the 
parpose  of  enlistiDg  in  the  study  of  this,  the  latest  phase  of  chemical 
geology,  a  larger  number  of  active  worker^  and  observers,  so  that 
at  least  the  large  amount  of  information  actually  existing  may  be 
gathered  together  and  made  practically  useful ;  thus  leading  the  way 
to  a  better  understanding  of  the  character,  capabilities,  and  needs  of 
the  lands  of  the  various  regions,  and  of  the  means  of  utilizing  them  to 
the  best  advantage.  The.  eminently  practical  nature  of  such  investi- 
gations should  commend  them  to  greater  attention  from  public 
geological  surveys,  in  which  a  vast  amount  of  labor  is  devoted  to  sub- 
jects of  very  much  less  interest  and  importance,  whether  theoretical 
or  practical.  The  apathy  that  has  prevailed,  in  regard  to  these 
studies,  would  be  difficult  to  understand  but  for  two  considerations, 
one  historical,  the  other  intrinsic.  From  the  latter  point  of  view,  the 
undeniable  difficulty  and  complexity  of  the  subject  of  soil  study,  and 
the  want  of  immediately  brilliant  and  remunerative  results  to  the 
worker,  is  no  mean  detterent  factor.  Historically,  direct  soil  investi- 
gation received  a  set-back  in  the  early  part  of  this  century,  when 
upon  extravagant  expectations  from  its  application  to  agriculture 
there  followed  a  reaction  which  has  not  even  yet  subsided  entirely. 
But  it  certainly  is  high  time  that  such  prejudices  should  give  way  to 
a  reasonable  reconsideration  of  the  facts  from  a  modern  scientific 
standpoint;  and  that  in  the  prosecution  of  public  surveys,  the  in- 
terests of  agriculture  should  cease  to  be  the  stepchild  of  which  the 
name  is  used  only  for  the  sake  of  conciliating  the  favor  of  the  large 
class  dependent  upon  its  intelligent  prosecution.  Oonjointly  wjth  the 
study  of  soils,  that  of  climatic  conditions  is  of  the  utmost  practical 
and  theoretical  importance;  and  ample  means  for  the  prosecution  of 
both  branches  of  study  should  be  provided.  The  Experiment  Stations 
of  the  United  States,  as  now  constituted,  have  not  the  means  for  a 
sufficiently  rapid  and  energetic  prosecution  of  either,  to  respond  to 
the  demands  made  upon  them.  Meteorological  stations  must  be 
made  more  numerous,  and  should  largely  be  located  with  reference  to 
the  agricultural  problems  to  be  determined  in  connection  with  them. 
Actual  field  surveys  to  define  the  agricultural  subdivisions  and  to 
study  their  peculiarities  should  be  made  by  parties  covering  ably  not 
only  the  agricultural,  but  also  the  meteorological,  geological,  and  bo- 
tanical aspects  of  the  several  problems.  This  will  be  but  simple  and 
tardy  justice  to  the  fundamental  industry  upon  which  the  very  ex- 
istence of  nations  depends. 
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LETTER    OF   TRANSMITTAL. 


U.  S.  Department  op  Agriculture, 

Weather  Bureau, 
Washington,  Z>.  C,  July  28,  1892. 

Sir  :  I  have  the  honor  tx)  transmit  herewith  a  paper  entitled  "  Some 
Physical  Properties  of  Soils  in  their  Relation  to  Moisture  and  Crop 
Distribution,"  prepared  by  Prof.  Milton  Whitney,  of  Johns  Hopkins 
University,  and  to  recommend  its  publication  as  Weather  Bureau 
Bulletin  No.  4.  In  this  connection  I  would  state  that  this  is  the 
second  paper  of  a  series  on  the  relations  of  soils  to  meteorology,  the 
object  of  which  is  to  elicit  information  from  specialists,  rather  than 
to  indicate  the  views  held  by  the  Department  on  the  subjects  treated. 

Very  respectfully, 

Mark  W.  Harrington, 

Chief  of  Weather  Bureau. 

Hon.  J.  M.  Rusk, 

Secretary  of  Agriculture. 
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LETTER    OF   SUBMITTAL. 


Johns  Hopkins  University,  ^ 

Baltimore,  Md,,  July  1,  1892. 

Sib  :  I  have  the  honor  to  submit  herewith  my  report  entitled  "  Some 
Physical  Properties  of  Soils  in  their  Relation  to  Moisture  and  Crop 
Distribution." 

The  work  for  the  Department  has  covered  a  period  of  only  six  and 
a  half  months  and  on  the  soils  of  Maryland  of  only  a  few  months' 
longer.  Much  of  this  time  has  necessarily  been  spent  in  collecting 
material  and  in  other  preliminary  work.  The  work  is  to  be  continued 
and  the  physical  properties  and  conditions  of  these  soils  will  be 
studied  in  still  more  detail. 

This  report  is  based  partly  on  my  own  original  work  and  partly  on 
a  generalization  of  the  work  of  others  in  this  line,  as  reported  in  the 
literature  of  the  day.  The  limits  of  this  report  would  not  allow  of 
the  presentation  of  even  the  main  facts  from  which  these  generaliza- 
tions have  been  drawn,  which  are  well  known,  however,  through  the 
admirable  writings  of  Johnson  and  Storer,  or  of  the  views  generally 
held  by  agricultural  chemists  as  to  the  cause  of  the  local  distribu- 
tion of  plants.  It  is  believed,  however,  that  although  these  views  and 
generalizations  may  appear  at  first  sight  to  differ  from  the  present 
theory  of  fertilization,  a  more  careful  consideration  will  show  that 
they  supplement  rather  than  conflict  with  the  views  commonly  held 
by  agricultural  chemists. 

Very  respectfully, 

Milton  Whitney. 

Mabk  W.  Harrington, 

Chief  of  Weather  Bureau. 
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SOME  PHYSICAL  PROPERTIES  OF  SOILS  IN  THEIR  RELATION  TO 

MOISTURE  AND  CROP  DISTRIBUTION. 


INTRODUCTION. 

.  The  history  of  soil  investigations  forms  a  very  interesting  chapter 
in  scientific  literature.  It  has  not  been  many  years  since  it  was  gen- 
erally believed  that  the  chemical  analysis  of  a  soil  would  show  what 
class  of  plants  the  soil  is  best  adapted  to  produce,  and  what  ele- 
ments of  plant  food  are  lacking  in  the  soil  for  the  best  development 
of  other  crops.  It  was  found,  by  a  vast  amount  of  work  on  the 
chemical  composition  of  soils  and  plants,  that  all  soils  contain  a 
large  amount  of  plant  food,  while  the  relatively  small  amount  re- 
moved by  crops  in  a  series  of  years  can  not  be  detected  by  chemical 
means,  although,  as  the  result  of  injudicious  methods  of  culture  dur- 
ing this  period,  the  soil  may  deteriorate  and  the  yield  of  crop  fall 
below  the  limit  of  profitable  cultivation.  It  was  then  believed,  and 
it  is  still  held,  that  only  a  small  proportion  of  the  plant  food  in  the 
floU  is  in  such  a  form  as  to  be  readily  available  to  plants,  and  that 
this  may  readily  revert  to  an  insoluble  or  unavailable  form  if  it  is 
not  quickly  used  up  by  plants. 

Various  solvents  have  been  suggested  and  tried  to  determine  the 
amount  of  available  plant  food  in  the  soil.  Plot  experiments  with 
manures  and  fertilizers  have  been  carried  out  to  ask  of  the  soil  the 
direct  question,  what  amount  of  available  plant  food  is  needed  in 
order  to  insure  a  maximum  crop. 

Some  rather  anomalous  facts  have  been  shown  in  this  work.  A 
plant  having  a  large  amount  of  nitrogen,  for  example,  in  its  compo- 
sition, will  not  necessarily  respond  to  a  manuring  with  this  particular 
ingredient,  but  will  respond  readily  to  a  manuring  of  another  sub- 
stance, of  which  it  uses  only  a  relatively  small  amount,  while  other 
plants,  containing  a  small  amount  of  nitrogen  in  their  composition, 
will  respond  readily  when  manured  with  this  substance,  even  on  the 
same  land.  This  is  supposed  to  be  due  to  a  difference  in  the  feeding 
capacity  of  the  plants.  A  plant  which  responds  readily  to  a  nitroge- 
nous manuring  one  year  may  respond  more  readily  to  a  phosphatic 
manuring  on  the  same  soil  the  next  year  if  the  season  is  differ- 
ent. The  standard  fertilizing  materials  frequently  give  a  lower 
yield  of  crop  than  is  produced  where  nothing  has  been  added  to  the 
soil ;  and,  on  the  other  hand,  a  very  small  addition  of  a  fertilizer  may 

incresae  the  crop  to  an  extent  out  of  all  proportion  to  the  amount  of 
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plant  food  added  tx)  the  soil.    This  is  especially  true  of  stable  manure 
and  lime. 

There  has  been  no  satisfactory  interpretation,  as  yet,  of  much  of 
the  work  which  has  been  done  on  the  chemical  composition  of  soils 
and  plants,  and  the  results  of  plot  experiments  have,  in  most  cases, 
been  very  conflicting  and  uncertain. 

The  physical  conditions  of  growth  have  been  recognized  as  of  im- 
portance, and  of  controlling  importance  in  many  cases,  but  their  in* 
fluency  has  hardly  been  considered  in  soil  investigations.  Records 
have  been  carefully  kept  of  all  the  ordinary  meteorological  condi* 
tions  and  atmospheric  changes,  but  there  has  been,  in  most  cases,  no 
interpretation  of  the  results ;  and  the  results  have  been  given  and 
remain  as  a  mass  of  unintelligible  and  seemingly  useless  figures. 

The  distribution  of  our  staple  crops,  according  to  the  meteorologi- 
cal conditions  which  prevail  in  the  country,  has  been  very  ably  dis- 
cussed by  Brewer  in  the  tenth  census.  It  is  undoubtedly  due  to  these 
meteorological  conditions,  rather  than  to  any  difference  in  plant  food 
or  in  methods  of  cultivation,  that  the  average  yield  of  grain  per  acre 
in  the  Southern  States  is  only  about  one-third  of  that  in  the  North 
and  West.  The  conditions  at  the  South  are  more  favorable  to  long  con- 
tinued growth  of  leafy  matter,  and  it  is  difiicult  to  check  the  growth 
of  the  plant  and  make  it  produce  a  fair  yield  of  grain.  It  is  only  since 
the  introduction  of  commercial  fertilizers,  which  have  hastened  the 
ripening  of  the  crop,  that  cotton  has  been  successfully  grown  as  far 
north  as  the  upper  counties  of  North  Ciarolina,  and  it  is  only  by  im- 
proved methods  of  cultivation  that  the  Sea  Island  cotton  has  been  made 
to  mature  within  the  season  which  prevails  in  South  Carolina.  Temper- 
ature, of  course,  is  a  very  important  factor  in  plant  development,  and 
this  alone  determines  the  general  distribution  of  many  plants,  and 
prevents  tropical  fruits  being  'produced  in  the  short  season  of  the 
Northern  States.  It  is  not  th^t  the  soils  of  Pennsylvania  are  less 
rich  in  plant  food  than  the  soils  of  Florida,  or  that  the  plant  food  is 
in  a  different  form  of  combination,  but  that  temperature  is  the  con- 
trolling cause  in  crop  production.  This  is  such  an  every-day  matter  that 
it  is  hardly  realized  that  temperature  is  such  a  potent  factor  in  the  dis- 
tribution of  crops,  and  that  even  our  own  seasonal  changes  must  have  a 
more  important  effect  on  the  development  of  plants  than  is  usually 
considered.  But  even  over  small  areas,  where  the  meteorological  condi- 
tions cannot  be  very  different,  the  texture  of  the  soils  may  be  so  dif- 
ferent that  they  maintain  very  different  conditions  of  heat  and  moist- 
ure for  the  growing  crops.  In  these  local  conditions,  moisture  seems 
to  be  far  more  important  than  heat,  and  the  relation  of  the  soil  to 
moisture  largely  determines  the  relation  of  the  soil  to  heat.  However 
potent,  therefore,  the  factor  of  temperature  may  be  in  the  general 

^ribution  of  crops,  the  relation  of  soils  to  moisture,  or  the  amount  of 
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moisture  they  may  maintain  under  existing  meteorological  conditions, 
is  quite  as  important,  a  factor  in  the  local  distribution  and  develop- 
ment of  plants.  The  texture  of  the  soil  and  its  condition  and  treat- 
ment have  been  recognized  as  of  importance  in  determining  crop  dis- 
tribution and  development,  but  there  has  been  no  interpretation  or 
expression  of  these  physical  conditions  of  the  soil  which  could  be 
used  in  the  calculation  of  results  of  the  soil  investigations.  It  is 
proposed  in  this  paper  to  show  that  the  physical  properties  of  soils 
very  largely  determines  the  local  distribution  and  development  of 
plants,  and  to  suggest  methods  for  the  study  and  expression  of  the 
physical  properties  and  condition  of  the  soil. 

A  preliminary  report  of  these  soil  investigations  was  published  in 
the  Fourth  Annual  Report  of  the  Maryland  Agricultural  Experiment 
Station,  and  this  will  be  freely  used  in  the  present  paper,  as  well  as 
some  unpublished  matter  on  investigations  of  a  similar  character, 
carried  on  by  the  writer  at  the  South  Carolina  Experiment  Station. 

In  the  older  agricultural  regions  of  the  country  in  the  Eastern  and 
Southern  States,  especially  below  the  influence  of  the  glacial  action, 
there  are  many  large  areas  of  well  marked  and  very  uniform  soil  con- 
ditions, corresponding  to  different  geological  formations,  where  the 
distribution  and  production  of  crops  seem  to  be  dependent  ujjon  the 
texture  of  the  soil.  There  is  a  certain  type  of  land  in  certain  geo- 
logical formations  which  is  so  coarse  and  open  in  texture  that  it  is 
permitted  to  remain  in  pine  barrens ;  there  is  another  type  bordering 
the  coast,  in  a  different  geological  formation,  which  is  well  suited  to 
melons  and  early  vegetables ;  still  other  types  of  soil  are  suited  to 
different  grades  of  tobacco  and  to  wheat  and  grass. 

The  agricultural  chemist  has  approached  this  subject  through  the 
study  of  the  chemical  composition  of  soils  and  plants,  and  has 
attempted  to  explain  the  distribution  of  plants  through  the  minute 
differences  in  chemical  composition  or  in  the  form  of  chemical  combina- 
tion of  the  ingredients  in  the  soil.  The  practical  farmer,  on  the  other 
hand,  can  judge  much  more  correctly  of  the  condition  of  the  land  and 
what  it  is  best  fitted  to  produce,  from  the  general  appearance  or  phys- 
ical texture  and  structure  of  the  soil.  It  is  a  matter  of  common  ex- 
perience  to  him  to  judge  from  the  texture  and  general  appearance  of 
the  soil  what  crop  it  is  best  fitted  to  produce,  and  what  general  treat- 
ment should  be  pursued  in  the  production  of  the  desired  crop.  He 
*  knows  that  wheat  can  not  be  economically  produced  on  light  sandy 
lands,  under  prevailing  climatic  conditions,  and  that  no  addition  of 
mere  plant  food  will  cause  a  good  wheat  crop  to  be  produced  on  such 
a  soil  without  resorting  to  irrigation,  where  the  water  supply  can  be 
controlled,  or  without  first  changing  the  texture  of  the  soil  so  as  to 
make  it  more  compact  and  more  retentive  of  moisture,  so  that  it  can 
maintain  a  more  abundant  supply  of  water  for  the  crop.     It  is  a 


12  SOILS   AND   MOISTURE. 

matter  of  the  available  water  supply  maintained  by  the  soil  rather 
than  of  the  available  plant  food  which  determines  this  local  distribu- 
tion of  plants.  Under  the  same  climatic  conditions  the  wheat  land 
will  maintaiij  two  or  three  times  as  much  moisture  for  the  use  of  the 
crop  as  the  light  sandy  lands.  If  the  conditions  in  the  wheat  land 
are  normal,  and  are  necessary  conditions  for  the  wheat  crop,  which 
can  not  be  doubted  in  view  of  the  number  of  determinations  which 
have  been  made,  then  there  is  something  radically  wrong  in  the 
light  truck  land  as  a  wheat  soil,  and  this  relation  of  the  soil  to 
moisture  becomes  as  potent  a  factor  as  a  controlling  cause  as  tem- 
perature is  in  the  economical  production  of  oranges,  bananas,  and 
pineapples  in  the  Northern  States. 

It  may  be.  objected  that  not  enough  importance  is  given  to  the 
chemical  side  in  this  treatment  of  the  subject,  but  if  the  relation  of 
the  soil  to  moisture  is  conceded  to  be  a  controlling  cause,  in  the  local 
distribution  of  wheat  on  these  two  types  of  soil,  as  would  be  claimed 
in  this  case  by  any  practical  farmer,  then  this  alone  is  to  be  con- 
sidered first,  and  all  changes,  treatment,  and  improvement  of  the  land 
must  be  along  this  line.  A  farmer  is  a  man  of  rare  experience  and 
observation  in  these  lines,  and  is  to  be  relied  on  in  matters  of  fact, 
however  much  those  of  us  who  are  engaged  in  purely  scientific  work 
may  disagree  with  him  in  deductions  from  these  facts.  The  facts 
themselves  miist  be  accepted  and  be  the  basis  for  scientific  work. 
How  common  it  is  in  the  improvement  of  lands  to  hear  of  a  refrac- 
tory clay  being  made  more  loamy  by  judicious  treatment,  and  a  loose, 
incoherent  sand  being  made  more  retentive  of  moisture. 

Now  it  seems  that  there  must  be  some  explanation,  some  interpre- 
tation, and  some  expression  of  this  fact  that  the  farmer  can  judge  of  the 
agricultural  value  of  a  land  and  the  kind  of  crop  which  it  can  or 
can  not  produce,  from  the  general  appearance  of  the  land,  that  is, 
from  the  physical  texture  and  structure  of  the  soil.  It  would  seem 
that  this  must  come  through  the  proper  interpretation  of  the  me- 
chanical analyses  of  soils.  The  results  of  the  mechanical  analyses, 
as  usually  given,  have  little  meaning,  for  there  is  little  or  no  attempt 
at  the  interpretation  of  the  results,  and  there  is  no  expression  of  the 
results  which  can  be  used  in  forming  a  definite  opinion  of  the 
character  of  the  land. 

It  is  proposed  to  suggest  here  an  interpretation  of  the  mechanical 
analyses  of  soils  which  shall  explain  and  define  these  visible  signs 
upon  which  the  practical  farmer  bases  his  judgment  of  the  agricul- 
tural value  and  condition  of  the  soil,  and  which  can  be  used,  in  rela- 
tive terms  at  least,  in  the  expression  of  results  of  soil  and  plant  in- 
vestigations. 

It  will  be  necessary  first  to  discuss  some  of  the  fundamental  prin- 
ciples upon  which  this  interpretation  is  based  and  then  to  present  prob- 
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lems  with  an  application  of  the  principles.  The  primary  conceptions 
upon  which  this  is  based  may  be  briefly  stated  as  follows :  The  circula- 
tion of  water  in  the  soil  is  due  to  gravity,  or  the  weight  of  water,  acting 
with  a  constant  force  to  pull  the  water  downward,  and  also  to  sur- 
face tension  or  the  contracting  power  of  the  free  surface  of  water 
(water-air  surface),  which  tends  to  move  the  water  either  up  or 
down  or  in  any  direction,  according  to  circumstances.  The  ordinary 
manures  and  fertilizers  change  this  surface  tension,  or  pulling  power, 
of  water. 

There  is  a  large  amount  of  space  between  the  grains  in  all  soils,  in 
which  water  may  be  held.  The  rate  of  movement  of  the  water  will 
depend  upon  how  much  space  there  is  in  the  soil ;  upon  how  much 
this  space  is  divided  up,  i.  e.,  upon  how  many  grains  there  are  per 
unit  volume  of  soil;  upon  the  arrangement  of  the  grains  of  sand 
and  clay;  and  upon  how  this  skeleton  structure  is  filled  in  and 
modified  with  organic  matter. 

The  arrangement  of  the  grains,  and  consequently  the  texture  or 
structure  of  the  soil,  may  be  changed  through  the  effect  of  the  or- 
dinary manures  and  fertilizing  materials,  causing  flocculation  or  the 
reverse. 

THE  CIRCULATION  OF  WATER  IN  THE  SOIL.* 

The  motive  power  which  causes  water  to  move  from  place  to  place 
within  the  soil  consists  of  two  forces :  gravity,  or  the  weight  of  the 
water  itself,  and  surface  tension.  Gravity  tends  to  pull  the  water 
downward,  and  acts  with  a  constant  force  per  unit  mass  of  water, 
neglecting  the  slight  difference  due  to  elevation  and  to  latitude.  Sur- 
face tension,  or  the  contracting  power  of  any  exposed  water  surface, 
may  move  the  water  in  any  direction  within  the  soil,  according  to 
circumstances.  It  may  act,  therefore,  with  gravity  to  pull  the  water 
down,  or  against  gravity  to  pull  it  up.  The  force  of  gravity  need  not 
be  further  considered  here. 

Surface  tension  is  the  tendency  which  any  exposed  surface  has  to 
contract  to  the  smallest  possible  area  consistent  with  the  weight  of 
the  substance.  If  a  mass  of  water  is  divided,  or  cleft  in  two,  leav- 
ing two  surfaces  exposed  to  the  air,  the  particles  of  water  on  either 
surface,  which  were  before  in  the  interior  of  the  mass  and  attracted 
from  all  sides  by  like  particles  of  water,  have  now  water  particles  on 
only  one  side  to  attract  them,  with  only  a  few  air  particles,  compara- 
tively very  far  apart,  on  the  other  side,  where  formerly  was  a  com- 
pact mass  of  water.  All  the  surface  particles  of  water  will  therefore 
be  pulled  from  within  the  mass  of  water,  and  the  surface  will  tend  to 
contract  as  much  as  possible,  leaving  exposed  the  smallest  number  of 

*Mach  of  the  discussion  of  these  underlying  principles  is  taken  from  a  preliminary 
paper  in  the  Foarth  Annual  Report  of  the  Maryland  Agricultural  Experiment  Station. 
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surface  particles,  and  causing  a  continual  strain  or  surface  tension. 
On  any  exposed  water  surface  there  is  always  this  strain  or  tension 
ready  to  contract  the  surface  when  it  may. 

It  is  a  constant,  definite  force  per  foot  of  surface  for  any  substance 
at  a  given  temperature.  In  the  case  of  liquids  and  solutions,  in  which 
we  are  most  interested,  it  varies  with  the  nature  of  the  liquid  and  the 
substance  in  solution. 

This  is  surface  tension ;  and  we  have  it  in  the  soil  as  a  strain  or  I 

tension  along  the  free  surface  of  water  within  the  soil,  which  tends  to 
contract  the  surface  and  so  move  the  water  from  one  place  to  another 
as  it  is  needed. 

There  is,  on  an  average,  about  50  per  cent,  by  volume  of  space 
within  the  soil  which  contains  no  solid  matter,  but  only  air  and 
water.  This  we  shall  call  empty  space.  In  a  cubic  foot  of  water 
there  is  about  half  a  cubic  foot  of  empty  space,  but  this  is  so  divided 
up  by  the  very  large  number  of  soil  grains  that  the  spaces  between 
the  grains  are  extremely  small. 

When  a  soil  is  only  slightly  moist  the  water  clings  to  the  soil 
grains  in  a  thin  film.  It  is  like  a  soap  bubble  with  a  grain  of  sand 
or  clay  inside,  instead  of  being  filled  with  air.  Where  the  grains 
come  together  the  films  are  united  into  a  continuous  film  of  water 
throughout  the  soil,  having  one  surface  against  the  soil  grains  and 
the  other  exposed  to  the  air  in  the  soil.  As  the  soil  grains  are  sur- 
rounded by  this  elastic  film,  the  tension  on  the  exposed  surface  of  the 
water  will  support  a  considerable  weight,  for  the  soil  grains,  thus  en- 
veloped, are  extremely  small  and  have  many  points  of  contact  around 
which  the  angle  of  the  surface  is  more  acute  and  the  film  is  thicker 
and  is  held  with  greater  force. 

If  more  water  enters  the  soil  the  film  thickens,  and  there  is  less  ex- 
posed  water  surface.  If  the  empty  space  is  completely  filled  with 
water  there  will  be  none  of  this  exposed  water  surface,  and,  therefore, 
no  surface  tension.  Gravity  alone  will  act  and  with  its  greatest  force. 
If  the  soil  is  nearly  dry  there  will  be  a  great  deal  of  this  exposed 
water  surface,  a  great  amount  of  surface  tension,  and,  with  so  little 
water  present,  gravity  will  have  its  least  effect. 

The  grains  in  a  cubic  foot  of  soil  have,  on  an  average,  no  less  than 
50,000  square  feet  of  surface  area.  There  is  less,  of  course,  in  a  sandy 
soil,  and  more  than  this  in  a  clay  soil.  If  there  is  only  a  very  small 
amount  of  water  in  the  soil  the  film  of  water  around  the  grains  will 
be  very  thin,  and  there  will  be  nearly  as  much  exposed  water  surface 
as  the  surface  area  of  the  grains  themselves.  If  a  cubic  foot  of  soil, 
thus  slightly  moistened,  and  having  this  large  extent  of  exposed  water 
surface,  be  brought  in  contact  with  a  body  of  similar  soil  fully  satu- 
rated with  water,  in  which  there  is  none  of  this  water  surface,  the 
water  surface  in  the  drier  soil  will  contract,  the  film  of  water  around 
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the  grains  will  thicken,  and  water  will  be  drawn  from  the  wet  into 
the  dry  soil,  whether  it  be  to  move  it  up  or  down,  until,  neglecting 
gravity  or  the  weight  of  water  itself,  there  is  the  same  amount  of 
water  in  the  one  cubic  foot  of  soil  as  in  the  other.  When  equilibrium 
is  established  there  will  be  the  same  extent  of  exposed  water  surface 
in  these  two  bodies  of  soils. 

\\Tien  water  is  removed  from  a  soil  by  evaporation,  or  by  plants, 
the  area  of  this  exposed  water  surface  is  increased,  and  the  tension 
tends  to  contract  the  surface  and  pull  more  water  to  the  spot. 

When  rain  falls  on  rather  a  dry  soil  the  area  of  the  exposed  water 
surface  in  the  soil  is  diminished,  and  the  greater  extent  of  water  sur- 
face below  contracts  and  acts,  with  gravity,  to  pull  the  water  down. 

Fertilizers  change  this  surface  tension  and  modify  the  contracting 
power  of  the  free  surface  of  water  to  a  remarkable  degree,  and  so 
modify  the  power  which  moves  water  from-  place  to  place  in  the  soil. 

The  following  table  gives  the  surface  tension  of  a  solution  in  water 
of  several  of  the  ordinary  fertilizing  materials.  The  surface  tension 
is  expressed  in  gram-meters  per  square  meter,  that  is,  on  a  square 
meter  of  liquid  surface  there  is  sufficient  energy  to  raise  so  many 
grams  to  the  height  of  one  meter. 

WTiere  the  substance  was  sufficiently  soluble  the  solution  was  made 
up  to  a  specific  gravity  of  1.1000,  but  where  the  substance  was  not 
sufficiently  soluble  for  this,  10  grams  were  digested  for  twenty-four 
hours  with  100  cubic  centimeters  of  distilled  water.  All  the  solutions 
were  filtered  through  washed  filters  before  being  used.  The  ordinary 
city  supply,  from  a  faucet  in  the  laboratory,  was  used  for  the  deter- 
minations made  last  year,  contained  in  the  first  part  of  the  table ;  and 
such  water  is  usually  considered  the  best  for  such  work,  as  the  water 
is  drawn  out  of  a  large  body  from  below  the  surface.  For  the  later 
results,  however,  ordinary  distilled  water  had  to  be  used,  but  all  the 
water  used  was  taken  from  the  same  supply  and  was  siphoned  off 

when  needed : 

Surface  tension  of  various  solutions. 

(Gram-meters  per  square  meter.) 


Solation  of— 


Specific 
grayity. 


Salt 

Kainit 

Lime 

Water 

Acid  phosphate 

Piaster 

Ammonia 

Urine 


1.070 
I- 053 

I.0Q2 
Z.OOO 
1.005 
1. 000 
0.960 
1. 026 


Number 
ofmeasure- 

ments 

from  which 

the  mean 

is  taken. 


6 
6 

4 
18 

4 

9 
6 

10 


Mean. 

Highest. 

Lowest. 

7-975 

8.126 

7-796 

7.900 

7-993 

7.805 

7.696 

7-750 

7.674 

7.668 

7- 923 

7.506 

7.656 

7.800 

7-563 

7.638 

7-730 

7-572 

6.869 

6.950 

6.826 

6.615 

6.740 

6,471 
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Surface  tension  of  various  solutions, 
( Gram-meters  per  square  meter. ) 


Solution  of— 


Mftgnesiam  chloride ... 

Commoil  salt 

Muriate  potash 

Thomas  slag 

Kainit 

Marl 

Potassium  chloride.... 
Ammonium  sulphate... 

Dried  blood 

Ground  bone 

Sodium  nitmte 

Sodium  sulphate 


Specific    I     Surface 
gravity.       tension. 


I' 

1. 1000  { 

z.iooo  I 

1. 1000 
I. 0012  I 
X.IOOC  { 

1. 0013 
I. 1000 

I. 1000 
X.OOOI 
1.0007 
X.IOOO 

I. 1000 


964 

9TI 


855 

?« 

7-834 
7.764 

7-749 
7-730 
7-730 


Solution  of— 


Wood  ashes 

Potassium  nitrate  . 
Potassium  sulphate 
Ammonium  nitrate 

Dried  fish 

Water 

Stable  manure 

Acid  phosphate  ...., 
Cotton-seed  meal. . . 

Tankage 

Cotton  seed 


Specific 
gravity. 


1-0038  I 
z.iooo 
1.0830  I 

Z«I000 

1.0026 
1.0000 

X.0013 
X.OIC4 
X.0054 
X.0169 
Z.0070 


Sur&ce 
tension. 


7-674 
7.661 

7.658 

7-656 

7.464 
7-414 
6-534 
4.844 
4.788 


Surface  tension  of  soil  extracts. 


No. 


295 

28X 
279 


Specific 
gravity. 


Surface 
tension. 


Kentucky  blue  grass  . . 
Triassic  red  sandstone 

Wheat 

Garden 


x.ooo 
x.ooo 
x.ooo 
x.ooo 


7.244 
7-244 
7.098 
7.089 


The  determination  was  made  by  the  method  of  the  rise  in  a  capil- 
lary tube.  A  short  piece  of  thermometer  tubing  was  used,  the 
diameter  of  the  bore  being  determined  by  careful  microscopic  measure- 
ments with  a  micrometer  eye  piece.  Sections  of  the  tube,  above  and 
below  the  piece  taken,  appeared  very  uniform  and  so  nearly  circular 
as  to  be  within  the  limit  of  error  of  observation.  The  diameter  of 
the  tube  was  taken  at  0.5578  millimeters,  and  the  figure  0.0558  centi- 
meters was  used  in  the  calculation  of  the  results.  The  tube  was 
very  thoroughly  cleaned  after  each  observation,  or  set  of  observations, 
with  a  strong  caustic  potash  solution,  and,  after  washing,  was  allowed 
to  stand  for  some  time  in  a  saturated  solution  of  bicromate  of  potash 
in  strong  sulphuric  acid.  The  height  of  the  rise  in  the  capillary 
tube  was  measured  with  a  cathetometer. 

The  following  formula  was  used  for  the  calculation  of  the  results : 

h  d  to 


T  = 


4  cos,  a 


Where  T  is  the  surface  tension ;  d  is  the  diameter  of  the  tube  in 
centimeters ;  h  the  height  to  which  the  liquid  rises  in  the  capillary 
tube  in  centimeters ;  at  is  the  specific  gravity  of  the  solution ;  and 
4  cos,  a  refers  to  the  angle  of  the  liquid  with  the  side  of  the  glass 
tube.  In  regard  to  this  latter,  5®  24'  was  taken  as  the  edge  angle. 
This  is  the  mean  of  11  determinations  given  by  Quincke  of  the  edge 
angle  of  pure  water  and  glass.*  In  regard  to  saline  solutions, 
Quincke  says,  that  "  according  to  these  researches  the  edge  angle 

^Quincke  on  edge  angle  and  spread  of  liquid  on  solid  bodies,  Phil.  Mag.,  1878. 
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appears  to  increase  a  little  with  augmenting  concentration  of  the 
saline  solution,  but  otherwise,  to  differ  only  inconsiderably  from  the 
edge  angle  of  pure  water." 

In  regard  to  the  results  themselves,  most  of  the  salts  have  increased 
the  surface  tension  of  the  water,  while  the  organic  matters  have 
generally  lowered  it.  Cotton-seed  meal,  tankage,  and  cotton  seed 
have  lowered  the  surface  tension  very  considerably.  The  determina- 
tions of  the  surface  tension  of  these  three  substances  were  not  very 
satisfactory,  as  the  solutions  were  very  viscous  and  moved  very  slowly 
in  the  capillary  tube,  continuing  to  fall  for  a  long  time  after  the  tube 
had  been  immersed  and  raised  again  in  position  for  the  reading.  The 
very  low  result  with  the  cotton  seed  is  probably  due  to  the  oil,  most 
of  which  is  expressed  in  the  preparation  of  the  meal. 

Cotton  seed  and  cotton-seed  meal  are  both  used  as  fertilizers  in 
large  quantities  at  the  South.  Opinion  seems  to  be  very  evenly  di- 
vided as  to  which  gives  the  better  results ;  some  claiming  good  results 
from  the  one  and  rather  injurious  results  from  the  other.  It  has  been 
argued  that  as  the  oil  has  no  fertilizing  value  its  presence  can  do  no 
good  in  a  fertilizer,  but  on  the  contrary  may  do  harm,  by  preserving 
the  substance  from  disintegration  and  solution;  and  it  has  been 
argued  that  it  is  not  only  a  profit  to  the  cotton  planter  to  have  his 
seed  converted  into  meal,  from  the  value  of  the  oil  obtained,  but  that 
the  value  of  the  product  itself  is  increased  as  a  fertilizer.  There  are 
so  many  positive  statements,  however,  of  the  greater  value  of  the  seed 
on  certain  soils  than  of  cotton-seed  meal,  that  I  cannot  but  think  in 
some  soils  or  under  some  conditions  the  oil  in  the  seed  must  have  a 
beneficial  effect,  apart  from  any  slight  fertilizing  value  it  may  have, 
in  its  effect  on  the  physical  condition  of  the  soil  due  to  this  very  low 
surface  tension  of  its  extract,  and  in  the  effect  which  it  may  have  on 
the  arrangement  of  the  soil  grains  through  flocculation  or  the  reverse. 

It  has  frequently  been  observed  that  an  application  of  magnesium 
chloride,  salt,  or  muriate  of  potash  tends  to  keep  the  soil  more  moist 
in  dry  weather.  These  substances  have  the  highest  surface  tension 
of  any  in  the  table.  They  would  tend  to  increase  the  surface  tension 
of  the  soil  moisture  and  increase  the  power  the  soil  has  of  drawing 
water  up  from  below,  and  it  is  probably  this  which  explains  the  action 
of  these  salts  referred  to. 

On  the  other  hand,  the  injudicious  use  of  concentrated  organic  mat- 
ters in  a  dry  season  may  "burn  out"  the  land  and  make  it  drier  than 
it  would  otherwise  be,  as  the  organic  matter  would  lower  the  surface 
tension  6f  the  soil  moisture  and  the  soil  would  have  less  power  of 
drawing  water  up  from  below  for  the  support  of  crops ;  although  their 
judicious  use  in  favorable  seasons  would  tend,  in  another  way,  to 
make  the  soil  more  retentive  of  moisture,  as  will  be  shown. 

The  surface  tension  of  several  soil  extracts  are  given  in  the  table, 
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and  these  are  seen  to  be  very  much  lower  than  that  of  pure  water. 
The  extracts  were  made  by  rubbing  up  10  grams  of  the  subsoil  with 
just  sufficient  water  to  cover  it,  and  this  was  allowed  to  digest  for 
twenty-four  hours,  being  frequently  stirred.  The  extracts  were,  in 
most  cases,  turbid,  but  the  matter  in  suspension  was  so  fine  that  it 
could  not  be  removed  with  a  filter. 

The  contact  of  the  water  with  the  subsoil  lowered  the  surface  ten- 
sion very  considerably,  but  as  this  extract  was  still  very  much  more 
dilute  than  the  ordinary  soil  moisture  the  surface  tension  of  the  soil 
moisture  itself  must  be  assumed  to  be  considerably  lower  than  the 
tension  of  these  extracts.  It  was  not  considered  advisable  at  this  time 
to  extend  these  investigations  further,  although  there  is  an  opening 
here  for  some  interesting  work. 

There  is  a  very  interesting  application  of  this  low  surface  tension 
of  soil  moisture.  It  is  a  matter  of  very  common  experience  with 
gardeners  that  if  a  plant  or  piece  of  lawn  is  watered  in  a  very  dry 
season,  by  applying  water  to  the  surface  of  the  ground,  the  watering 
has  to  be  continued  thereafter  during  all  the  dry  season,  as  the  result 
of  a  single  watering  is  to  leave  the  ground  drier  than  it  would  other- 
wise have  been.  They  usually  put  off  watering  as  long  as  possible 
for  this  reason,  and  when  they  once  begin  they  continue  it.  King  has 
proved  this  experimentally  by  watering  a  piece  of  ground  and  letting 
it  stand  for  twenty-four  hours.  He  then  found  by  direct  determina- 
tions that  the  upper  foot  was  wetter  than  immediately  before  the 
watering,  but  that  the  loAver  depths  of  the  soil,  down  to  36  inches 
deep,  were  drier  than  before  the  watering.  It  would  seem  in  this 
case  that  the  higher  surface  tension  of  the  pure  water,  or  of  the  more 
dilute  soil  moisture  in  the  surface  soil,  had  pulled  up  water  from  be- 
low, where  the  surface  tension  is  less,  and  the  danger  would  be  that 
this  water  being  brought  near  the  surface  would  then  evaporate 
quickly,  and  so  more  of  the  original  soil  moisture  would  be  lost  by 
evaporation  than  if  the  water  had  not  been  applied  to  the  surface. 

Several  years  ago  the  writer  called  attention  to  the  interesting  fact 
that  the  level  of  the  water  in  the  wells  in  the  grounds  of  the  Agricul- 
tural Society  in  Raleigh,  N.  C,  was  lowest  during  the  winter  months 
and  gradually  rose,  notwithstanding  the  spring  and  summer  droughts, 
reaching  its  maximum  about  August.  Goff  published  similar  observa- 
tions on  a  well  at  the  New  York  Experiment  Station.  In  the  Sand 
Hill  formation  at  Columbia,  S.  C,  the  wells  are  at  their  fullest  dur- 
ing excessive  dry  weather,  but  immediately  begin  to  fall  after  a 
soaking  rain  following  a  long  dry  spell.  The  application  of  the 
foregoing  principles  seems  apparent  here,  that  as  the .  soil  becomes 
drier  the  surface  tension  of  the  soil  moisture  is  reduced  so  that  it 
can  not  maintain  the  water  at  the  same  height  as  formerly.  The 
water  from  the  lower  depths  of  the  subsoil  is,  therefore,  let  down  into 
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the  well  as  the  surface  soil  becomes  drier  and  the  surface  tension  of 
the  moisture  in  the  upper  layers  of  the  soil  is  diminished  through 
concentration  of  the  solution.  With  a  soaking  rain,  the  pure  water 
increases  the  surface  tension  of  the  moisture  in  the  upper  layers  of 
the  soil,  and  while  there  is  less  extent  of  surface  to  contract,  the 
greater  contracting  power  more  than  counterbalances  this  and  water 
is  drawn  up  from  below^,  or,  at  least,  does  not  flow  so  readily  into  the 
well. 

To  sum  up,  it  may  be  briefly  stated  that  the  surface  tension,  or  lift- 
ing  power  of  soil  moisture,  is  much  lower  than  that  of  pure  water. 
Many  of  the  common  fertilizing  materials  increase  this  surface  ten- 
sion of  the  soil  moisture  and  increase  the  power  the  soil  has  of  draw- 
ing water  up  from  below  in  a  dry  season,  or  of  drawing  water  to  a 
a  plant  to  replace  that  which  has  been  lost  by  evaporation  or  has 
been  used  up  or  transpired  by  the  plant.  On  the  other  hand,  many 
Clonic  substances  lower  the  surface  tension,  or  pulling  power,  of 
water  very  considerably  and  lessen  the  power  the  soil  has  of  pulling 
water  up  from  below  to  supply  the  loss  due  to  evaporation,  or  what 
has  been  used  by  plants. 

This  effect  of  fertilizing  materials  in  changing  the  surface  tension 
of  a  liquid,  and  thereby  changing  the  force  or  power  which  moves 
water  from  place  to  place  in  the  soil,  is  only  a  first  effect,  as  the  con- 
tinued use  of  these  fertilizing  materials  may  change  the  texture  of 
the  soil  itself  and  the  relation  of  the  soil  to  the  circulation  of  water. 

THE  EFFECT  OF  FERTILIZERS  ON  THE  TEXTURE  OF  THE  SOIL. 

Surface  tension  may  be  expressed  in  another  way.*  The  potential 
of  a  single  water  particle  is  the  work  which  would  be  required  to  pull 
it  away  from  the  surrounding  water  particles  and  remove  it  beyond 
their  sphere  of  attraction.  For  simplicity,  it  may  be  described  as  the 
total  force  of  attraction  between  a  single  particle  and  all  other  par- 
ticles which  surround  it.  With  this  definition  it  will  be  seen  that 
the  potential  of  a  particle  on  an  exposed  surface  of  water  is  only  one- 
half  of  the  potential  in  the  interior  of  the  mass,  as  half  of  the  par- 
ticles which  formerly  surrounded  and  attracted  it  were  removed  when 
the  other  exposed  surface  of  w^ater  was  separated  from  it.  A  particle 
on  an  exposed  surface  of  water,  being  under  a  low  potential,  will 
therefore  tend  to  move  toward  the  center  of  the  mass  where  the  poten- 
tial, i.  e,j  the  total  attraction,  is  greater,  and  the  surface  will  tend  to 
contract  so  as  to  leave  the  fewest  possible  number  of  particles  on  the 
surface. 

*  This  treatment  of  the  subject  was  suggested  by  an  article  by  Lord  Rayleigh  in  the 
Phil.  Mag.,  Nov.  and  Dec,  1890 ;  and  I  am  further  indebted  to  Dr.  Arthur  L.  Kimball, 
formerly  of  the  Johns  Hopkins  University,  but  now  of  Amherst,  Mass.,  for  much  valua- 
ble advice  and  suggestion  in  the  application  of  the  principles  to  the  phenomenon  of  floc- 
ealation. 
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If  instead  of  air  there  is  a  solid  substance  in  contact  with  the 
water,  the  potential  will  be  greater  than  on  an  exposed  surface  of  the 
liquid,  for  the  much  greater  number  of  solid  particles  will  have  a 
greater  attraction  for  the  water  particles  than  the  air  particles  had. 
They  may  have  so  great  an  attraction  that  the  water  particle  on  this 
surface,  separating  the  solid  and  liquid,  may  be  under  greater  poten- 
tial than  prevails  in  the  interior  of  the  liquid  mass.  Then  the  sur- 
face will  tend  to  expand  as  much  as  possible,  for  the  particles  in  the 
interior  of  the  mass  of  liquid  will  try  to  get  out  on  to  the  surface. 
This  is  the  reverse  of  surface  tension.  It  is  surface  pressure,  which 
may  exist  on  a  surface  separating  a  solid  and  liquid. 

This  probably  explains  the  phenomenon  of  flocculation,  a  phe- 
nomenon of  very  great  importance  in  agriculture. 

Muddy  water  may  remain  turbid  for  an  indefinite  tinys.  If  a  trace 
of  lime  or  salt  be  added  to  the  water  the  grains  of,  cIbj  Jlocculate,  that 
is,  they  come  together  in  loose,  light  flocks,  lik^  curc^ed  milk,  and  set- 
tle quickly  to  the  bottom,  leaving  the  liquid  above  them  clear.  Am- 
monia and  some  other  substances  tend  to  prevent  this  and  to  keep  the 
grains  apart,  or  to  push  them  apart  if  flocculation  has  already  taken 
place.  This  is  similar  to  the  precipitation  of  some  solid  matters  from 
solution.  When  lime  is  added  to  a  filtered  solution  of  an  extract  of 
stable  manure,  the  organic  matter  is  precipitated  in  similar  loose, 
bulky  masses.  This  matter  of  potential  would  seem  to  have  a  bearing 
on  all  cases  of  precipitation,  as  the  phenomena  of  flocculation  and 
precipitation  are  really  quite  similar.  It  would  seem  to  be  one  of 
those  points  between  physical  and  chemical  forces  which  have  been 
sharply  marked  in  the  past,  but  which  are  now  fast  disappearing  as 
these  two  sciences  are  coming  closer  together. 

If  two  small  grains  of  clay,  suspended  in  water,  come  close  together 
they  may  be  attracted  to  each  other  or  not,  according  to  the  potential 
of  the  water  particles  on  the  surface  of  the  clay.  If  the  potential  of 
the  surface  particle  of  water  is  less  than  the  particle  in  the  interior 
of  the  mass  of  liquid,  there  will  be  surf  ace  .tansion,  and  the.  two 
grains  will  come  together  and  be  held  with  some  force,  as  their  close 
contact  will  diminish  the  number  of  surface  particles  in  the  liquid. 
If,  on  the  other  hand,  the  potential  of  the  particle  on  the  surface  of 
the  liquid  is  greater  than  of  the  particle  in  the  interior  of  the  mass, 
the  water  surface  around  the  grains  will  tend  to  enlarge,  as  there  will 
be  greater  attraction  for  the  water  particles  there  than  in  the  interior 
of  the  mass  of  liquid,  and  the  grains  of  clay  will  not  come  close 
together  and  will  even  be  held  apart,  as  their  close  contact  would 
diminish  the  number  of  surface  particles  in  the  liquid  around  them. 

This  hypothesis  would  seem  to  be  easy  to  prove  experimentally,  and  it 
was  hoped  that  this  could  be  done  in  time  for  this  report,  but  there  has 
not  been  time,  although  the  apparatus  has  been  ready  for  some  months. 
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Much  interesting' MToirk  has  been  done  by  Hilgard,  Brewer,  and  Carl 
Barns  on  this  matter  of  flocculation.  They  all  assume  a  chemical 
hydration  of  the  fine  particles  of  clay  as  an  important  factor  in  Hhe 
suspension  of  the  clay  in  water,  and  of  de-hydration  by  salt  or  lime, 
in  the  flocculation  of  a  turbid  liquid.  While  such  hydration  and  de- 
hydration may  occur,  it  does  not  seem  at  all  necessary  for  the  con- 
tinued suspension  and  almost  indefinite  suspension  under  ordinary 
conditions  of  fine  clay  particles  in  a  turbid  liquid.  I  can  not  agree 
with  Brewer  that  clay  particles  are  ultra-microscopic,  although  they 
are  exceedingly  small  and  very  difficult  to  define.  In  a  turbid  liquid 
which  has  stood  for  several  weeks  and  is  only  faintly  opalescent,  a 
drop  of  the  liquid  carefully  evaporated  on  a  cover  glass,  ignited 
and  stained,  as  in  ordinary  bacteriological  examinations,  will  show 
particles  under  an  oil  emersion  objective,  not  very  sharply  defined  to 
be  sure,  under  such  a  high  power,  but  still  of  measurable  size,  ranging 
from  about  ^  of  a  space  of  my  eye-piece  micrometer  to  about  ^  of  a 
space.  The  lower  limit  would  give  a  value  of  .0001  millimeter  and 
as  this  has  been  verified  a  number  of  times  in  turbid  liquids  which 
have  stood  so  long  as  to  be  only  faintly  opalescent,  I  have  assigned 
this  as  the  lowest  limit  of  my  "  clay "  group,  pending  further  and 
more  exact  determinations  in  which  a  turbid  liquid  shall  be  examined 
at  frequent  intervals  during  subsidence,  and  where  precautions  have 
been  taken  to  destroy  and  exclude  bacteria. 

Fine  dust  and  ashes,  and  even  filings  of  metals,  remain  in  suspen- 
sion in  the  air  for  days  and  even  months  in  very  apparent  clouds  or 
haze,  although  they  may  be  a  thousand  times  heavier  than  the  sur- 
rounding air.  Particles  of  clay,  no  smaller  than  the  limits  which 
have  been  assigned,  should  remain  in  suspension  in  the  much  heavier 
fluid  water  for  an  indefinite  time,  for  the  volume  or  weight  of  a  sphere 
decreases  so  much  more  rapidly  in  proportion  than  the  surface,  that 
there  is  relatively  a  large  amount  of  surface  area  in  these  fine  parti- 
cles and  a  great  deal  of  surface  friction  in  their  movement  through 
a  media,  and  they  would  settle  very  slowly.  This  is  clear  from  the 
following  calculation : 

The  volume  of  a  sphere  =  ^  tt  r* 

The  surface  of  a  sphere  =  4  tt  r" 
The  volume  or  weight  decreases  proportionately  faster  than  the 
surface  area.  For,  consider  a  sphere  of  a  radius  of  one  inch.  The 
volume  will  be  y  ^  1*  and  the  surface  4  ^  1'.  If,  now,  this  sphere  be 
reduced  in  size  until  the  radius  is  ^ij^  of  an  inch,  the  volume  will  be 
i  ^  100^666  ^^^  ^^®  surface  of  the  sphere  will  be  4  ^  iirJtrff- 

If  we  assume  now  the  mean  diameter  of  several  of  our  separations 
in  a  mechanical  analysis  we  will  have  the  following  values : 

Diameter  1.5  millimeters,  fine  gravel. 

Diameter  0.075  millimeters,  very  fine  sand. 

Diameter  0.00255  millimeters,  clay. 
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If  we  assume  the  volume,  or  weight,  of  the  gravel  to  be  unity,  then 
for  very  fine  sand— 

•        The  volume  decreases  in  the  ratio  1 :  0.000125: 
The  surface  decreases  in  the  ratio  1 :  0.2556. 

For  clay — 

The  volume  decreases  in  the  ratio  1 :  0.000000004853. 
The  surface  decreases  in  the  ratio  1 :  0.000286. 

If  the  lowest  value  given  above  is  assumed  for  the  diameter  of  the 
clay  particle  (.0001  millimeter)  the  ratio  would  be,  of  course,  still 
more  striking.  As  it  is,  the  relatively  large  surface  area  of  these  fine 
particles  would  allow  them  to  subside  only  with  extreme  slowness, 
and  it  would  probably  seem  that  under  ordinary  conditions,  in  which 
the  mean  daily  range  of  temperature  is  20®,  the  mean  monthly  range 
50*^,  and  the  yearly  range  100°  F.,  that  the  ordinary  convection  cur- 
rents, induced  by  this  normal  change  of  temperature,  would  be  suf- 
ficient of  itself  to  keep  these  fine  particles  in  suspension  in  the  liquid 
for  an  indefinite  time,  as  it  is  known  that  currents  of  air  keep  fine 
particles  of  dust  in  suspension.  It  does  not  seem  as  though  it  were 
necessary  to  consider  the  chemical  hydration  hypothesis  to  explain 
the  suspension  of  fine  particles  in  water ;  nor  the  de-hydration  hy- 
pothesis to  explain  the  flocculation  of  clay,, when  the  grains,  under  a 
low  potential,  can  come  within  the  sphere  of  their  mutual  attraction 
and  fall  or  rise  together  in  a  loosely  united  mass. 

This  matter  of  flocculation  has  a  most  important  bearing  on  the 
arrangement  of  the  soil  grains,  and  the  relation  of  the  soil  to  water. 
It  will  be  remembered  that  there  is,  on  an  average,  about  50  per  cent, 
by  volume,  of  empty  space  within  the  soil.  This  empty  space  is 
divided  up  by  a  vast  number  of  grains  of  sand  and  clay.  If  these 
grains  are  evenly  distributed  throughout  the  soil,  so  that  the  sepa- 
rate spaces  between  the  grains  are  of  nearly  uniform  size,  water  will 
move  more  slowly  through  the  soil  than  if  the  grains  of  clay, 
through  flocculation,  adhered'  closely  together  and  to  the  larger 
grains  of  sand,  making  some  of  the  spaces  larger  and  others  exceed- 
ingly small. 

The  movement  of  water  through  capillary  tubes  is  according  to  the 
fourth  power  of  the  radius.  If  we  have  ten  capillary  tubes  of  equal 
size,  and  ten  other  tubes  with  the  same  total  area  of  cross  section, 
but  with  one  of  the  tubes  large  and  the  other  nine  tubes  exceedingly 
small,  water  will  move  much  faster  through  these  tubes  of  uneven 
size  than  it  will  through  the  others. 

We  have,  then,  this  principle  to  work  on  in  the  improvement 
of  soils.  In  a  close,  tight  clay  in  which  water  moves  slowly,  the 
continued  use  of  lime  may  cause  flocculation;  the  grains  of  clay 
will  move  closer  together,  leaving  larger  spaces  for  the  water  to  move 
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through.  This  is  undoubtedly  the  trouble  in  the  clays  of  the  Potomac 
formation  in  Maryland,  the  grains  are  very  evenly  distributed  and 
the  flow  of  water  is  so  extremely  slow  that  the  soil  is  practically 
impervious  to  water.  In  such  a  soil  a  rapidly  growing  plant  might 
perish  for  lack  of  sufficient  water  supply,  when  it  was  shown  by 
analysis  that  the  soil  contained  a  large  amount  of  water.  The  move- 
ment of  water  would  be  so  slow  that  the  soil  could  not  supply  the 
plant  with  water  rapidly  enough  for  its  need,  and  the  plant  would 
suffer  for  water  as  in  a  light  sandy  land. 

On  the  other  hand,  there  are  soils  in  which  the  clay  is  held  so  closely 
to  the  grains  of  sand  as  to  give  the  soil  the  appearance  and  properties 
of  a  sandy  soil,  although  there  is  as  much  clay  present'  as  there  is  in 
many  of  the  distinctively  "  clay "  lands.  This  will  be  shown  very 
clearly  in  speaking  of  the  Wedgefield,  S.  C,  soils,  in  another  place. 
We  will  speak  of  this  matter  more  at  length  when  we  come  to  speak 
of  the  application  of  these  principles  to  the  improvement  of  soils. 
Most  of  our  work  has  been  on  the  determination  of  the  approximate 
number  of  grains  per  gram,  to  show  how  much  the  empty  space  in  the 
soil  has  been  divided  up ;  and  this  matter  of  the  determination  of  the 
arrangement  of  the  soil  grains  in  their  natural  position  in  the  field 
has  hardly  yet  been  taken  up. 

This  movement  or  rearrangement  of  the  soil  grains  could  readily  oc- 
cur in  a  soil,  even  if  the  soil  were  only  slightly  moist,  for  the  diam- 
eter of  the  fine  silt  and  clay  particles  would  be  much  less  than  the 
mean  thickness  of  the  film  of  water  in  the  soil,  and  they  could  move 
freely  as  though  they  were  immersed  in  a  relatively  deep  fluid.  The 
forces  which  move  them,  as  will  be  shown  later,  are  changing  moisture 
content  and  possibly  changing  atmospheric  pressure,  while  the  con- 
dition which  determines  their  close  contact  will  be  the  surface  tension 
or  potential  around  the  soil  grains ;  and  this  can  be  changed,  as  we 
have  seen,  by  the  different  fertilizing  materials,  when  the  grains  will 
assume  a  closer  or  a  looser  arrangement. 

THE  VOLUME  OF  EMPTY  SPACE  IN  SOILS. 

There  is,  on  an  average,  about  50  per  cent,  by  volume  of  empty 
space  in  soils.  The  amount  in  the  soil  proper  will  vary  with  the  state 
and  stage  of  cultivation,  but  the  empty  space  in  the  undisturbed  sub- 
soil will  remain  fairly  constant.  The  amount  of  space  in  the  soil  may 
be  found  by  completely  filling  a  short  depth  of  a  known  volume  of 
soil  with  water.  The  weight  of  the  soil  before  and  after  the  introduc- 
tion of  the  water  will  give  the  weight  of  water  or  the  volume  of  the 
space.  Or  the  amount  of  empty  space  may  be  found  by  calculation 
from  the  weight  of  a  known  volume  of  soil  and  the  specific  gravity. 
The  weight  of  a  known  volume  of  soil  in  its  natural  position  in  the 
field  can  be  determined  as  follows :  An  iron  or  brass  tube,  about  2 
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inches  in  diameter  and. 6  or  9  inches  long,  is  driven  into  the  ground 
to  a  depth  of  6  inches.  The  tube  is  then  dug  out,  a  knife  being  passed 
under  the  lower  edge  to  cut  off  the  cylinder  of  soil  in  the  tube.  The 
soil  is  then  carefully  removed,  dried,  and  weighed. 

From  the  weight  of  soil  and  the  volume  of  the  tube,  the  volume  of 
empty  space  may  be  found  by  the  following  formula : 

_(v-^)xioo 

s,_ ^  ^ 

Where  8i  is  the  per  cent,  by  volume  of  empty  space,  V  is  the  volume 
of  the  tube  in*  cubic  centimeters,  W  is  the  weight  of  soil  in  grams,  and 
w  is  the  specific  gravity  of  the  soil. 

At  first  a  piece  of  2-inch  boiler  tube  was  used  for  taking  the  samples, 
one  end  of  the  tube  being  turned  off  in  a  lathe  to  give  a  good  cutting 
edge.  It  was  found,  however,  that  the  friction  against  the  inside  of 
the  tube  forced  the  cylinder  of  soil  down  a  little  po  that  it  was  feared 
that  the  weight  of  soil  would  be  too  light.  Such  a  tube  was  used  in 
the  South  Carolina  work.  In  the  more  recent  work  a  brass  tube  has 
been  used,  which  has  a  clock  spring  securely  soldered  in  one^end,  which 
is  turned  off  in  a  lathe  to  give  a  good  cutting  edge  of  hard  steel.  The 
area  inclosed  by  this  cutting  edge  has  been  accurately  determined. 
The  tube  is  9  inches  long,  with  a  mark  on  the  side  of  the  tube  6  inches 
from  the  cutting  edge,  and  the  tube  is  driven  down  into  the  soil  until 
this  mark  is  eyen  with  the  surface  of  the  ground.  The  advantage  of 
this  arrangement  is  that  the  clock  spring  cuts  out  a  cylinder  of  soil 
of  a  definite  area  of  cross  section  and  friction  is  reduced  to  a  mini- 
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mum,  while  the  soil  can  be  readily  removed  from  the  tube.  The 
sampling  may  be  done  for  every  6  inches  down  for  any  desired  depth. 

The  per  cent,  by  volume  of  empty  space  varies  from  about  35  per 
cent,  in  the  undisturbed  subsoil  of  a  coarse,  sandy  land  to  65  or  70  per 
cent,  in  the  subsoil  of  a  strong  clay  land. 

In  "  How  Crops  Feed,"  Johnson  gives  the  weight  of  a  cubic  foot 
of  sandy  land  at  110  pounds,  and  a  cubic  foot  of  clay  soil  at  75 
pounds.  Assuming  2.65  as  the  specific  gravity  of  the  soils,  this 
would  give  about  34  and  55  per  cent,  by  volume  of  empty  space, 
respectively,  in  these  soils. 

The  term  "  light  soil "  is  thus  commonly  applied  to  that  which 
actually  weighs  a  good  deal  more  than  what  is  called  a  "  heavy  soil." 
The  terms  refer  to  the  texture  of  the  soils  and  the  ease  with  which 
they  can  be  worked. 

The  amount  of  space  has  been  determined  in  a  number  of  subsoils 
in  South  Carolina,  in  their  natural  position  in  the  field,  including  a 
wide  range  of  soil  formations.  The  per  cent,  by  volume  of  empty 
space  is  given  in  the  following  table : 
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Empty  space  in  South  Carolina  subsoils. 
(Per  cent,  by  volume.) 

7a     Wedgefield  (sandy  land) 41.  80 

66-     Gourdins •. 42.82 

67.  Somter 44.10 

80.     Lesesne 46.41 

67a.  Sumter 47.  70 

69.     Gonrdins  (Mr.  Roper) '. 49.  74 

64.     Lanes.. 50. 00 

74.    Wedgefield  (** Red  Hill"  formation) 50.08 

69a.  Gonrdins 60.26 

68.  Charlotte,  N.  C 62.05 

71.    Goiirdin8.(»» bluff  land") 66.40 

68a.  Charlotte,  N.  C 67.19 

76.     Wedgefield  ("gummy  land") 68.46 

76a.  Wedgefield  ("gummy  land") 61.64 

42.    Chester  ("pipe  clay") ..'. 66. 12 

The  amount  of  empty  space  has  been  determined  in  only  a  few  of 
the  Maryland  soils,  with  the  following  results : 

Eihpty  space  in  Maryland  subsoils, 
(Per  cent,  by  volume.) 

246.    Track  land,  Tick  Neck. 37.29 

246.     Track  land,  Shipley 39.00 

668.     Track  land,  Armiger 41.26 

47a    Wheat  and  kte  truck,  Shipley 42. 72 

567.    Truck  land,  one  mile  west  of  Armiger 43. 90 

679.    Truck  land,  Rock  Point 46. 64 

692.    Barren  Potomac  clays 47.19 

699.     Wheat  land,  South  River 61. 48 

As  opportunity  offers,  these  determinations  will  be  made  in  other 
parte  of  the  state,  especially  in  the  heavier  soils  of  western  Maryland. 

The  following  values  have  been  used  in  all  of  our  work,  the  specific 
gravity  in  all  cases  being  taken  as  2.65 : 


Per  cent,  by  volume  of  space. 


40. 
45 
50 
55 

60, 


Weight  of  unit  toI- 
umes  of  soil. 


ice. 
grams. 


1.5900 

x-4575 
1.3250 
1.1925 

1.0600 
0.9175 


1  cu.  ft. 
grains. 


45'Oao 
41.260 
37-510 
33*750 
30.044 
26.334 


Per  cent, 
by  weight 

of  water. 
Saturation. 


20.10 
22.41 
27.42 

3«-55 
36.14 
41.22 


A  soil  having  40  per  cent,  by  volume  of  empty  space  will  hold 
20.10  per  cent,  by  weight  of  water  when  all  the  space  within  the  soil 
is  filled.  A  soil  having  55  per  cent,  by  volume  of  empty  space  will 
hold  31.55  per  cent,  by  weight  of  water  when  all  the  space  within  the 
soil  is  completely  filled. 

This  amount  of  empty  space  in  the  soil  is  an  important  factor  in 
the  movement  of  water  through  the  soil  and  in  the  drainage  of  land. 


ff 
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It  will  be  seen  that  when  the  soils  are  saturated  the  saudy  land  has 
a  capacity  of  only  about  two-thirds  or  one-half  the  amount  of  water 
which  the  clay  soils  can  hold.  When  these  soils  are  saturated  the 
water  may  move  off  through  the  clay  soil  more  easily  and  more 
rapidly,  notwithstanding  the  smaller  size  of  the  separate  spaces,  be- 
cause the  clay  soil  will  hold  more  water  than  the  sandy  land.  Where 
the  soils  are  short  of  saturation  these  conditions  are  reversed,  as  the 
size  of  the  separate  spaces  very  largely  determines  the  rate  of  flow, 
and  the  spaces  within  the  sandy  land  being  larger  water  flows  through 
more  readily. 

The  size  of  the  grains  has  an  important  value  in  determining  the 
amount  of  empty  space  within  the  soil.  Most  of  our  soils  are  of 
sedimentary  origin,  or  are  derived  from  rocks  which  are  themselves  of 
sedimentary  formation.  The  material  out  of  which  the  soils  are 
formed  has  been  deposited  from  suspension  in  water.  The  larger  the 
size  of  the  grains  the  closer  the  arrangement  will  be,  so  that  in  & 
coarse  sandy  soil  there  will  be  less  empty  space  than  in  a  fine  clay. 
If  cannon  balls  were  poured  into  a  measure  and  allowed  to  settle 
under  water  they  would  take  up  a  very  close  arrangement,  because 
their  volume  or  weight  is  large  in  proportion  to  their  surface  area^ 
and  their  weight  is  sufficient  to  overcome  the  resistance  of  the  water 
and  the  resistance  offered  by  the  adjacent  balls.  If  fine  road  dust  be 
poured  into  a  similar  measure  and  allowed  to  settle  under  water,  the 
volume  or  weight  of  the  grains  is  so  small  in  proportion  to  the  surface 
area  that  there  will  be  relatively  a  great  amount  of  friction  as  the 
particles  descend,  so  the  descent  will  be  extremely  slow.  Then  as  the 
particles  touch,  the  weight  of  each  is  not  sufficient  to  overcome  the  fric- 
tion against  the  sides  of  the  adjacent  particles  and  they  do  not  settle 
into  the  same  compact  and  close  arrangement  as  the  heavier  cannon 
balls,  but  take  up  a  looser  and  a  lighter  arrangement,  leaving  more 
empty  space.  To  compact  a  quantity  of  this  material  into  a  space 
occupied  by  an  equal  weight  of  the  cannon  balls  would  require  a 
very  considerable  pressure  to  overcome  the  resistance  offered  by  the 
friction  between  the  surfaces  of  the  adjacent  grains. 

This  will  account  for  the  large  amount  of  space  in  clay  soils  of 
sedimentary  origin,  or  in  clay  soils  derived  fron>  the  disintegration  of 
sedimentary  rocks ;  but  it  is  an  interesting  fact  that  these  same  rela- 
tions hold  with  soils  derived  from  crystalline  rocks.  It  can  hardly 
be  supposed  that  just  40  per  cent,  of  all  such  rocks  as  produce  sandy 
soils  have  been  dissolved  out  in  one  case,  while  55  or  60  per  cent,  have 
been  dissolved  and  leached  out  of  other  rocks  which  give  clay  soils 
on  disintegration. 

It  seems  much  more  probable  that  on  disintegration  the  grains  are 
pushed  apart  and  the  voliime  of  material  is  increased.  It  must  be 
remembered   that  in   the  icase  of  clay   soils  there  is  an  immense 
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amount  of  surface  area  in  proportion  to  the  amount  of  matariij],  and 
that  any  forces  that  would  tend  to  push  the  grains  apart  would  have, 
relatively,  great  effect.  It  is  very  easy  to  show  that  there  are  forces 
within  the  soil  that  would  tend  to  push  the  grains  apart,  as  is  shown 
in  the  swelling  of  clay  when  wet.  It  is  probable  that  the  tension  or 
potential  on  the  surface  separating  the  soil  and  water  will  largely 
determine  how  close  the  grains  may  come,  as  in  the  phenomenon  of 
fiocculation  already  described.  If  the  grains  are  closer  than  a  certain 
distance  apart  there  will  be  this  tendency  for  them  to  move  further 
apart.  It  will  also  be  shown  in  another  place  that  the  soil  grains  are 
very  constantly  moving  back  and  forth  through  the  influence  of 
changing  climatic  conditions,  changing  water  content,  and,  probably, 
with  changing  chemical  composition  of  the  soil  moisture.  It  will 
probably  be  found  that  in  the  disintegration  of  rocks  the  fine  mate- 
rial swells  and  occupies  a  larger  volume  than  before.  The  finer  the 
material  the  more  surface  there  is  for  the  forces  to  act  against  to  keep 
the  grains  further  apart,  and  the  greater  the  resistance  against  their 
taking  up  a  closer  arrangement. 

Another  property  of  clay  may  be  mentioned  here,  due  to  this  func- 
tion of  the  small  size  of  the  grains.  In  a  symmetrical  arrangement  of 
the  grains  in  a  soil  containing  47.64  per  cent,  by  volume  of  empty 
space,  each  grain  will  touch  the  surface  of  six  adjacent  grains.  There 
is  a  certain  amount  of  surface  attraction  between  these  particles. 

If  the  grains  are  large  they  still  only  touch  at  six  points,  and  the 
weight  of  the  grains  is  sufficient  to  overcome  this  slight  surface  at- 
traction. A  lump  of  wet  sand  will  fall  apart  as  it  dries,  for  it  is 
bound  together  by  the  contracting  power  of  the  film  of  water  which 
surrounds  it,  and  when  this  is  removed  by  evaporation  the  weight 
of  the  grains  is  sufficient  to  overcome  the  surface  attraction  of  the 
relatively  large  and  heavy  particles,  and  they  fall  apart. 

If  the  grains  are  very  small,  like  grains  of  clay,  the  surface  attrac- 
tion of  the  grains  is  sufficient  to  bind  the  mass  into  a  compact  lump 
when  dry ;  for  while  there  are  still  only  six  points  of  contact  for  aAy  one 
grain,  there  are  many  more  grains  and  so  many  more  points  of  contact 
in  a  given  weight  of  material.  If  the  size  of  the  grains  was  still 
further  reduced  to  molecular  proportions  the  mass  would  assume  the 
hardness  and  rigidity  of  a  single  grain  of  sand  or  clay. 

When  a  dry,  compact  mass  of  clay  is  wet  with  water  the  water  forces 
itself  in  between  the  grains  and  forces  the  grains  themselves  apart, 
and  the  clay  swells ;  but  as  the  grains  are  held  together  by  their  own 
surface  attraction,  which  is  relatively  very  much  greater  than  with  the 
grains  of  sand,  as  well  as  by  the  contracting  power  of  the  film  of  water 
which  surrounds  them,  and  as  the  water  keeps  them  from  actual  con- 
tact and  free  to  move  or  slide  over  one  another,  the  mass  assumes  a 
plastic  condition  characteristic  of  clay  when  wet.     It  would  seem  that 
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most  of  the  peculiar  functions  of  clay  may  be  explained  by  purely 
physical  laws,  and  that  they  are  very  largely  due  to  the  one  function 
of  the  small  size  of  the  grains.  It  is  probable,  therefore,  that  if  quartz 
could  be  powdered  so  fine  that  the  diameter  of  the  grains  would  come 
within  .006-.0001  millimeter,  they  would  have  all  the  characteristic 
properties  of  clay,  forming  a  plastic  mass  when  wet  and  a  hard,  com- 
pact lump  when  this  wet  mass  was  dried.  It  would  probably  absorb 
water  quite  as  readily  as  clay  does,  for  it  must  be  understood  that 
this  peculiar  absorptive  property  of  clay  is  due  to  the  relatively  large 
extent  6f  surface  area  and  to  the  extremely  small  size  of  the  capillary 
spaces  between  the  grains,  and  not  to  any  inherent  "  stickiness "  or 
absorptive  power  of  the  grains  of  clay,  which  are  claimed  by  some  to 
be  porous  and  to  "  suck  up  water  as  a  sponge."  The  slight  film  of  mois- 
ture on  the  surface  of  a  small  watch  glass  is  diflftcult  to  get  rid  of,  and 
is  sufficient  in  quantity  to  vitiate  a  careful  analysis  unless  it  is  always 
driven  off  before  the  glass  is  weighed.  This  glass  has  hardly  more 
than  2  or  3  square  centimeters  of  surface  per  gram,  but  if  this  gram 
of  glass  were  ground  up  as  fine  as  the  heavy  clay  of  a  limestone  forma- 
tion, it  may  have  as  much  as  6,000  square  centimeters  of  surface  area 
per  gram,  and  each  unit  of  surface  may  attract  as  much  moisture  as 
before,  so  that  the  amount  of  moisture  which  the  soil  can  hold  when 
air-dry  may  amount  to  several  per  cent,  of  the  weight  of  soil. 

THE  RELATION  OF  GEOLOGY  TO  AGRICULTURE. 

There  are  a  number  of  well-marked  types  of  soil  in  Maryland^ 
some  suited  to  grass  and  wheat,  others  to  wheat  but  rather  light  for 
grass,  others  to  tobacco,  truck,  or  left  out  as  barren  wastes.  The  tex- 
ture and  general  appearance  of  these  soils  differ  very  much,  so  that  one 
can  tell  at  a  glance  to  what  kind  of  crop  each  of  these  types  is  best 
adapted.  It  will  be  shown  that  from  this  difference  in  texture,  which 
is  so  very  apparent  to  the  eye,  there  is  a  marked  difference  in  the 
relative  rate  with  which  water  moves  within  the  soil,  and  the  ease 
with  which  the  proper  amount  of  water  may  be  maintained  and  sup- 
plied to  the  crop. 

As  crops  differ  in  the  amount  of  water  which  they  require,  and  in 
the  amount  of  moisture  in  the  soil  in  which  they  can  best  develop, 
this  difference  in  the  relation  of  these  soil  types  to  water  probably 
accounts  for  the  local  distribution  of  plants. 

In  greenhouse  culture  the  same  kind  of  soil  is  used  for  all  kinds 
of  plants,  but  great  judgment  is  required  in  watering  the  plants. 
Some  plants  require  a  very  wet  soil,  others  must  be  kept  quite  dry. 
The  amount  of  water  required  will  not  be  the  same  at  different  stages 
of  development  of  the  plant.  During  the  earlier  growing  period  the 
soil  is  kept  quite  wet,  but  during  the  fruiting  or  flowering  period  the 
soil  is  kept  much  drier.     Each  class  of  plants  requires,  in  this  way 
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special  treatment,  and  it  is  through  this  judicious  control  of  the  water 
supply  in  the  soil  and  the  temperature  of  the  air  that  the  best  devel- 
opment of  each  class  of  plants  is  attained. 

Our  soil  types,  therefore,  in  having  different  relations  to  the  circula- 
tion of  water,  partake  somewhat  of  these  artificial  conditions  in  green- 
house culture,  and  on  each  of  them  certain  classes  of  plants  will  find 
conditions  of  moisture  best  suited  to  their  growth  and  development. 

Our  soils  have  been  formed  from  the  disintegration,  or  decay,  of 
rocks.  The  rocks  are  made  up  of  different  minerals,  the  most  com- 
mon of  which  are  quartz,  feldspar,  and  mica.  The  kind  of  rock  is 
determined  by  the  kind  and  relative  amount  of  each  of  these  min- 
erals of  which  it  is  made.  When  the  rocks  decay,  part  of  the  min- 
erals, or  the  cementing  material,  is  dissolved  and  carried  off,  and 
many  of  the  minerals  themselves  are  changed.  Now  the  texture  or 
the  relative  amount  of  sand  and  clay  contained  in  the  soil  resulting 
from  the  disintegration  of  these  rocks,  in  sitUy  will  depend  upon  the 
kind  of  rock,  that  is,  upon  the  minerals  of  which  it  was  composed. 

The  soils  of  northern-central  Maryland  have  been  formed  from  the 
disintegration,  in  situ^  of  the  crystalline  and  semi-crystalline  rocks 
of  the  Piedmont  Plateau. 

The  material  resulting  from  the  disintegration  of  these  rocks  is 
slowly  washed  away  and  carried  off  by  streams  and  rivers.  As  the 
current  of  water  becomes  slower  near  the  sea  the  sand  is  deposited 
along  a  rather  narrow  shore  line,  while  the  finer  particles  of  clay  are 
carried  further  and  deposited  over  wider  areas.  The  conditions  where 
some  parts  of  this  material  are  being  deposited  may  be  favorable  to 
the  growth  of  coral  and  of  various  kinds  of  shellfish,  so  that  their 
remains  accumulate  in  beds  of  great  thickness,  giving  the  material 
for  the  limestone  of  the  present  day.  These  sediments  are  thus 
assorted  out  by  subsidence  in  water  of  different  velocities,  as  though 
they  had  been  sifted  and  the  different  grades  of  material  spread  out 
over  wide  areas.  The  soils  of  southern  Maryland  and  the  Eastern 
Shore  are  of  this  unconsolidated  sedimentary  material,  which  is  still 
in  the  first  stages  of  rock  formation. 

In  former  geological  periods  similar  sediments,  having  been  slowly 
deposited  in  beds  of  greaft  thickness,  were  converted  into  rocks,  form- 
ing sandstones,  limestones,  and  shales;  the  sandstone,  where  the 
coarser  material  has  been  deposited  near  the  shore ;  the  limestone, 
where  the  shells  have  accumulated ;  and  the  shales,  where  the  fine 
mud  has  been  spread  out  over  a  wide  area  of  still  water. 

It  is  from  the  disintegration  of  these  "  sedimentary  "  rocks,  which 

have  since  been  raised  above  the  surface  of  the  water  and  folded  into 

a  succession  of  mountain  ranges,  that  the  soils  of  western  Maryland 

have  been  formed.    There  are  the  limestone  valleys,  where  shellfish 

were  once  abundant,  and  where  now  is  a  strong  clay  soil  well  adapted 
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to  wheat,  composed  of  what  was  once  the  impurities  of  the  limestone 
rock,  which  has  been  left  as  the  more  soluble  lime  has  been  dissolved 
and  carried  away ;  the  sandstone  ridges,  some  of  which,  resisting  de- 
cay, form  the  mountain  ranges,  while  others,  made  of  finer  grains  of 
sand  and  less  firmly  cemented  together,  form  some  of  the  fertile  hill 
and  valley  lands ;  the  shales,  in  which  the  grains  of  mud  were  so  ex- 
tremely small  that  they  have  not  thoroughly  disintegrated  in  this 
State,  and  the  soil  is  filled  with  fragments  of  the  rock  and  supports 
but  a  scanty  mountain  pasture. 

Greology  defines  the  limits  and  areas  of  these  different  formations  and 
of  these  different  rocks,  and  as  I  have  shown  that  these  rocks  deter- 
mine the  texture  of  the  soil,  a  thorough  and  detailed  geological  map 
of  the  state  should  answer  for  a  soil  map.  Any  one  familiar  with  the 
texture  of  the  soil,  or  kind  of  soil,  formed  by  the  disintegration  of 
granite,  gabbro,  and  the  different  kinds  of  limestones,  sandstones,  and 
shales,  should  be  able  to  tell  by  a  glance  at  the  map  the  position  and 
area  of  each  kind  of  soil.  Each  color  on  the  map  would  represent  a 
soil  formation  which  under  prevailing  climatic  conditions  would  be 
best  adapted  .to  a  certain  crop. 

The  wheat,  tobacco,  truck,  and  barren  lands  of  southern  Maryland 
are  each  confined  to  certain  different  geological  formations  for  their 
best  development,  and  a  geological  map  of  this  portion  of  the  state 
should  show  the  area  and  distribution  of  the  lands  best  adapted  to 
these  crops. 

There  is  usually  some  marked  and  distinctive  botanical  character 
in  the  herbage  of  these  different  soil  formations.  We  have  pine 
barrens,  white  oak  lands,  black  jack  lands,  chinquapin  lands,  grass 
lands,  wheat  lands,  and  truck  lands.  These  names  convey  a  very 
good  impression  of  the  character  and  texture  of  the  soil,  and  they 
should  be  more  generally  used.  When  a  soil  formation  is  spoken  of 
as  black  jack  land,  the  name  conveys  a  distinct  impression  of  the 
kind  of  soily  for  a  soil  must  have  a  certain  characteristic  texture  to 
produce  such  growth. 

SOIL  TYPES.     • 

The  soils  of  any  wide  locality,  especially*  in  our  Eastern  States, 
appear,  at  first  sight,  to  offer  an  endless  field  of  research  in  the  great 
variety  often  seen  on  a  single  farm  and  in  the  same  field;  but  a 
more  comprehensive  view  of  the  matter  will  show  this  to  be  due'  to 
local  causes,  which  have  mixed  up  and  modified  the  original  soil 
formation.  These  local  modifications  may  be  neglected  for  the  pres- 
ent, until  the  general  features  of  the  representative  soils  of  the  region 
have  been  worked  out.  The  characteristic  properties  of  great  soil 
formations,  or  soil  types,  must  first  be  determined,  and  then  more 
detailed  work  may  be  done  in  examining  soils  of  local  interest. 
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Why  will  not  truck,  tobacco,  wheat,  and  grass  grow  equally  well 
on  all  soils?  What  are  the  characteristic  properties  of  a  good  wheat 
land,  of  the  best  tobacco  soil,  of  the  best  grass  land,  of  the  best  land 
for  market  truck?  What  is  it  in  the  appearance  of  the  soil  which 
enables  a  farmer  to  place  it  in  one  or  the  other  of  these  classes?  It 
is  not  until  this  problem  has  been  mastered  and  these  very  evident 
differences  in  the  soils  have  been  explained,  that  the  real  and  full 
value  and  application  of  the  chemical  determination  in  plants  and 
soils  will  be  seen.  As  a  rule,  the  chemical  analysis  of  a  soil  will  not 
enable  a  farmer  to  determine  to  what  his  farm  is  best  adapted;  but, 
on  the  contrary,  the  farmer,  from  his  experience  and  judgment,  must 
inform  the  chemist  of  this  point,  and  must  tell  him  of  the  strength 
and  condition  of  the  land. 

A  large  number  of  samples  of  soils  and  subsoils,  of  representative 
agricultural  value  and  importance,  have  been  collected  in  Maryland, 
and  these  samples  have  been  classified  according  to  their  agricultural 
value  and  their  geological  origin.  The  soils  of  all  the  principal  agri- 
cultural regions  of  the  state  can  thus  be  classified  under  not  more 
than  fifteen  different  types,  and  a  number  of  these  do  not  differ  ma- 
terially in  their  agricultural  value,  but  are  given  a  separate  place  on 
account  of  the  distinctive  geological  formations."  The  different  types 
will  be  described  when  we  come  to  speak  of  the  mechanical  analysis 
of  the  soils. 

THE  INTERPRETATION  OF  THE  MECHANICAL  ANALYSIS  OF  SOILS. 

THE  METHOD. 

The  method  which  has  been  employed  for  the  mechanical  analysis 
of  soils  is  substantially  Johnson  and  Osborn's  "beaker  method." 
Twenty  grams  of  the  air-dry  material  were  rubbed  up  in  a  mortar,  with 
successive  quantities  of  water,  and  a  few  drops  of  ammonia  to  prevent 
flocculation,  until  the  liquid  on  standing  a  moment  became  quite 
clear  and  the  soil  remaining  in  the  mortar  contained  no  grains  smaller 
than  .05  millimeter,  as  shown  by  microscopic  measurements.  A  rub- 
ber pestle  was  used  so  that  the  soil  grains  should  not  be  broken.  A 
very  good  pestle  can  be  made  by  putting  a  rubber  cap,  such  as  is  used 
on  the  ends  of  chair  legs  or  crutches,  over  the  handle  of  a  porcelain 
pestle.  The  coarse  material  in  the  mortar  was  then  dried  and  sifted 
through  a  series  of  sieves  with  round  holes,  2,  1,  and  .5  millimeters  in 
diameter,  and  through  two  pieces  of  bolting  cloth  with  square  holes, 
having  an  aperture,  respectively,  of  very  nearly  .26  and  .1  millimeter, 
the  holes  being  very  uniform  in  size,  as  shown  in  the  microscopic 
measurements.  The  turbid  liquid,  which  was  poured  off  from  this 
coarse  material,  was  allowed  to  settle  until  all  grains  larger  than  .05 
millimeter  had  settled.  The  turbid  liquid  was  then  poured  off  and  the 
material  in  the  bottom  of  the  beaker  was  stirred  up  with  a  fresh  quantity 
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of  water,  and  material  larger  than  .05  millimeter  was  allowed  to  settle  as 
before.  This  was  repeated  until  all  material  finer  than  .05  millimeter 
had  been  removed.  The  remaining  coarse  material  was  thrown  in  with 
the  "  very  fine  sand."  Other  separations  were  made  in  the  turbid  liquid, 
until  all  grains  larger  than  .005  millimeter  were  removed,  and  every- 
thing smaller  than  this  was  included  in  the  clay  group.  The  turbid 
liquid  containing  the  last  separation  was  carefully  measured  in  a  liter 
fiask,  and  100  cubic  centimeters  of  this  turbid  liquid  out  of  every  liter 
was  evaporated  to  dryness  in  a  porcelain  dish.  The  finest  separations, 
including  the  silt,  fine  silt,  and  clay,  were  all  ignited  and  cooled  in  a 
desiccator  before  weighing.  The  coarser  grades  of  sand  were  not  ig- 
nited as  the  amount  of  moisture  which  the  air-dry  material  contained 
was  found  to  be  extremely  small  and  within  the  limit  of  error  of  such 
an  analysis.  .0001  millimeter  is  taken  as  the  smallest  limit  of  the 
clay  group,  because  it  is  believed  that  practically  all  the  clay  particles 
are  larger  than  this. 

There  are,  relatively,  very  wide  limits'  in  this  clay  group,  as  the 
largest  diameter  is  fifty  times  larger  than  the  smallest.  This  is  of 
very  great  importance,  as  the  extremely  small  size  of  the  grains  gives 
a  very  large  number  of  grains  for  a  given  weight  of  material,  and  the 
aggregate  extent  of  surface  area  of  this  vast  number  of  particles  is 
usually  larger  than  of  all  the  other  grades  combined.  It  would  be 
very  desirable  to  have  a  greater  number  of  separations,  an  infinite 
nimiber  if  this  were  possible,  so  as  to  have  very  narrow  limits  between 
the  diameters  and  so  that  the  diameters  of  all  the  particles  in  a  single 
separation  shall  be  very  nearly  of  the  same  size.  It  is  practically  im- 
possible, however,  with  this  beaker  method  to  make  more  than  the 
number  of  separations  which  have  been  adopted,  as  it  takes  a  long 
while  to  make  the  separations.  This  clay  group  is  of  so  much  im- 
portance, therefore,  that  a  very  slight  difference  in  the  value  of  the 
diameters  will  give  widely  different  absolute  values  in  the  determina- 
tion. It  is  impossible,  however,  to  expect  that  the  absolute  number 
of  grains  in  one  gram  of  soil  could  ever  be  determined,  and  if  they 
could  be,  the  science  of  mathematics  is  not  refined  enough  to  deal 
with  them  as  we  wish.  Comparative  results  can  alone  be  expected, 
and  one  of  the  essential  things  in  this  is  to  have  the  mechanical 
analysis  made  by  methods  which  give  fairly  uniform  results,  while 
the  number  and  value  of  the  separations,  and  especially  of  this  clay 
group,  be  always  the  same. 

In  the  mechanical  analysis,  when  any  of  the  separations  were  al- 
lowed to  remain  some  time  to  settle  out,  the  material  in  the  bottom 
of  the  beaker  was  rubbed  up  in  the  mortar  with  a  rubber  pestle,  as  it 
was  liable  to  cake  on  standing. 

APPROXIMATE   NUMBER   OP    GRAINS   IN   ONE    GRAM   OF   SOIL. 

Having  determined  the  amount  of  empty  space  in  the  soil  by  a 
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method  already  given,  it  is  important  to  know  how  much  this  space 
has  been  subdivided.  There  is  about  half  a  cubic  foot  of  empty  space 
in  a  cubic  foot  of  soil,  and  it  is  evident  that  if  this  space  formed  one 
large  cylinder  a  large  body  of  water  would  flow  through  with  great 
rapidity.  It  is  also  evident  that  water  will  flow  through  this  space 
more  and  more  slowly  the  more  it  is  subdivided.  The  amount  of  sub- 
division of  the  space  will  depend  upon  the  number  of  grains  in  the 
soil,  and  somewhat  upon  their  arrangement.  The  approximate  num- 
ber of  grains  per  gram  can  be  calculated  from  the  mechanical  analy- 
sis of  the  soil  by  the  following  formula : 


a 


TT 


(d)' 
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Where  a  is  the  weight  of  each  group  of  particles,  d,  the  mean  diam- 
eter of  the  particles  in  the  several  groups,  A  is  the  total  weight  of 
soil,  and  «»  is  the  specific  gravity  of  the  soil. 

In  using  the  formula  the  per  cents  are  used  as  grams,  thus,  if  there 
were  20  per  cent,  of  silt  this  would  be  taken  as  20  grams,  and  if  the 
results  of  the  analysis  added  up  97  per  cent,  the  whole  weight  of  soil 
would  be  taken  as  97  grams.  The  diameter  (d)  is  taken  as  the  mean 
of  the  extreme  diameters  given  for  any  group.  For  instance,  for  the 
silt  this  would  be  .03,  which  is  assumed  to  be  the  diameter  of  the 
average  sized  particle. 

The  specific  gravity  has  been  taken  as  2.65  in  all  the  determinations 
which  have  been  made.  This  value  was  originally  selected  from  a 
statement  by  Johnson,  in  "  How  Crops  Feed,"  page  159,  of  some  de- 
terminations by  Schone,  and  our  own  results  have  shown  no  very  good 
reason  for  changing  this  unless  the  value  2.70  be  substituted,  or  un- 
less the  specific  gravity  of  each  soil  be  specially  determined  for  inser- 
tion in  the  formula,  which  hardly  seems  necessary  at  the  present 
stage  of  the  investigation. 

The  following  table  gives  the  specific  gravity  of  some  of  our  type 
subsoils,  the  type  sample  being  made  up  in  most  cases  of  samples 
from  a  number  of  localities : 

Specific  gravity  of  type  subsoils. 


No. 


736 
386 


Soil. 


t, 


388 


Pine  barrenB 

Track 

Tobacco 

Oriskany 

Wheat 

RWer  >errace 

Triasaic  red  sandstone 

Catskill 

Shales 

Helderberg  linestone . 

Average 

"3 


2.6388 
3.6259 
2.6151 
2.6550 

2.5949 
2.6229 

2.7115 

2.6875 

2.6625 

2.6978 

2.6512 


Ignited. 


2.6485 

2.7016 

2.7100 

2-6583 

2.7109 

2-6855 

2.7759 
2.7201 

2.7302 
2.7385 

2.7079 
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Bpec^  gravity  of  separations. 


Diamefter. 


mnt* 

2-1 

1-5 
•5-25 

.25-.! 

.I-.05 
.C5-.OZ 
.01-.005 
1 005-*  0001 


ConTentiooal  names. 


Qravel 

Coarse  fiand 

Medium  sand 

Fine  sand 

Very  fine  sand 

Silt 

Fine  silt 

Clay « 


Specific 
grarity. 


2.6469 
2.6547 
2.6476 

l^ 

2.7337 
2.6642 
2.8366 


The  specific  gravity  of  the  silt  and  clay  groups  in  the  list  of  separ- 
ations is  quite  high,  and  the  duplicate  results,  of  which  the  mean  is 
given,  were  rather  wide,  for  what  reason  has  not  yet  been  determined, 
unless  it  is  due  to  chemical  changes  of  the  iron  compounds  in  the 
ignition  of  the  material. 

It  must  be  remembered  that  the  results  obtained  by  the  use  of  this 
formula  of  the  number  of  grains  per  gram  have  only  approximate 
values,  and  can  only  be  used  in  comparative  work. 

The  approximate  number  of  grains  per  gram  will  be  given  with  the 
results  of  the  mechanical  analysis  of  the  soils.  One  table  will  be 
given  in  detail,  showing  the  approximate  number  of  grains  in  each 
separation  in  one  gram  of  subsoil,  from  which  it  will  be  seen  that 
the  extremely  small  diameter  assigned  to  the  clay  group  has  an  im- 
portant value,  as  the  vast  number  of  grains  in  this  and  in  the  fine 
silt  practicially  determines  the  number  of  grains  per  gram. 

THE   ESTIMATION   OF   SURFACE    AREA  OF   SOIL  PARTICLES. 

The  approximate  extent  of  surface  area  of  the  soil  grains  in  one 

gram  of  soil  can  be  calculated  from  the  foregoing  by  the  following 

formula : 

ir{dyn 

in  which  d  is  the  mean  of  the  diameters  of  any  group  in  centimeterp, 
and  n  is  the  number  of  particles  in  the  group. 

The  following  logarithmic  constants  have  been  used  in  the  calcula- 
tion of  the  results,  using  2.65  in  all  cases  as  the  specific  gravity  of 
the  soil : 
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Diameter. 

id) 

Approximate 

number  of 

grains. 

1 
SarikMe  area. 

• 

(log.)""/" 

log.(d)«» 

em. 

•15 

3-6703 

2-8493 

•075 

4.7674 

2.2473 

•0375 

5-8641 

3-6451 

•0175 

6. 871 1 

4-9831 

•0075 

7-7674 

4-2473 

.003 

8-5734 

5-4513      . 

.UUU75 

10.7674 

6-2473 

.000255 

IZ.3616 

7-3101 

CALCULATION  OF  THE  RELATIVE  RATE  OP  MOVEMENT  OF  WATER  THROUGH 

SOILS. 

It  has  been  stated  that  the  relative  rate  of  movement  of  water 
through  soils  will  depend  upon  how  much  space  there  is  in  the  soil ; 
upon  how  much  this  space  is  subdivided,  i,  e,,  upon  how  many  grains 
of  sand  and  clay  there  are  in  the  soil ;  upon  how  these  grains  are 
arranged,  and  upon  how  this  skeleton  structure  is  filled  in  and  modi- 
fied by  organic  matter. 

It  will  be  assumed  for  the  present  that  the  grains  have  the  same 
mean  arrangement  in  all  the  soils  and  the  influence  of  the  organic 
matter  will  be  assumed  to  have  the  same  value  in  all  cases,  and  this 
will  also  be  neglected  for  the  present.  Where  the  rate  calculated 
from  the  mechanical  analysis  of  the  soil  differs  from  the  observed 
rate  determined  experimentally,  it  may  be  assumed  that  the  grains 
have  a  different  mean  arrangement  in  the  two  soils  or  that  the  influ- 
ence of  the  organic  matter  is  not  the  same. 

There  will  evidently  be  one  space,  or  opening,  into  the  soil  for 
every  surface  grain,  and  the  approximate  number  of  grains,  or  of 
openings,  on  a  unit  area  of  surface  may  be  found  by  the  following 
formula :  

Where  N  is  the  number  of  grains,  or  openings,  on  one  square  cen- 
timeter of  surface,  M  is  the  approximate  number  of  grains  in  one 
gram  of  soil,  W  is  the  weight  of  soil,  V  is  the  total  volume  of  the 
soil  grains  and  the  empty  space. 

If  the  grains  are  assumed  to  be  symmetrically  arranged  and  the 
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spaces  between  them  cylindrical  in  form,  the  radii  of  the  spaces  can 
be  found  by  the  following  formula : 


\rNL 

Where  r  is  the  radius  of  a  single  space,  V,  is  the  total  volume  of 
the  empty  space,  N  is  the  number  of  grains  or  spaces  on  one  square 
centimeter  of  surface,  and  L  is  the  depth  of  the  soil. 

If  the  space  within  the  soil  is  completely  filled  with  water  the  rela- 
tive rate  of  flow  of  water  through  the  soil  will  be  according  to  the 
fourth  power  of  the  radius  of  a  single  space  multiplied  by  the  num- 
ber of  spaces  on  the  unit  area  of  surface,  as  shown  by  the  following 
formula : 

Where  N-Ni  are  the  number  of  spaces,  and  r-ri  are  the  radii  of 
single  spaces  in  the  respective  soils,  and  T-Ti  the  time  required  for  a 
unit  volume  of  water  to  flow  through  the  soils  under  the  same  head 
or  pressure. 

The  space  within  the  soil  is  rarely  filled  with  water  in  agricultural 
lands,  but  the  most  favorable  amount  of  water  for  the  soil  to  hold,  as 
Hellriegel  and  others  have  shown,  is  from  30  to  50  per  cent,  of  the 
total  amount  of  water  the  soil  could  hold  if  all  the  space  within  it 
were  filled. 

If  the  space  within  the  soil  is  only  partly  filled  with  water,  as  in 
most  arable  lands,  the  water  will  move  in  a  thin  film  surrounding^ 
the  soil  grains  and  according  to  the  fourth  power  of  the  thickness  of 
the  film.  The  mean  thickness  of  the  film  surrounding  the  soil  grains 
may  be  theoretically  determined  by  the  following  formula,  which  is 
based  on  the  conception  that  the  film  is  cylindrical  and  of  uniform 
size  throughout : 

Where  s  is  the  per  cent,  by  weight  of  water  which  the  soil  will  hold 
when  the  empty  space  is  filled  with  water,  p  the  per  cent,  of  water 
actually  contained  in  the  soil,  r  the  radius  of  a  single  space,  and  t  the 
mean  thickness  of  the  film  surrounding  the  soil  grains. 

The  relative  rate  of  flow  of  water  through  the  soils  will  then  be 
according  to  the  following  formula : 

T._N(0*T 

It  must  be  remembered  that  these  formulae  give  only  approximate 
and  comparative  values  for  comparing  one  soil  with  another.  The 
structure  of  the  soil  is  altogether  too  intricate  to  expect  ever  to  ob- 
tain absolute  values. 
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DETERMINATION  OP  THE  ACTUAL  RATE  OF  FLOW  OP  WATER  THROUGH  SOILS. 

A  method  has  been  given,  based  on  theoretical  considerations,  for 
the  calculation  of  the  relative  rate  of  movement  of  water  through  soils 
from  the  mechanical  analysis.  The  following  method  has  been  used 
to  determine  the  actual  rate  of  flow  of  water  through  the  soil  in  its 
natural  position  in  the  field,  and  described  in  the  Experiment  Station 
Record,  volume  3,  No.  10  (May,  1892),  page  68. 

To  determine  the  actual  rate  of  circulation  of  water  in  the  soil  or 
subsoil  in  its  natural  position  in  the  field,  a  hole  should  be  dug,  and 
the  soil  and  subsoil  on  one  side  removed  to  the  depth  at  which  the 
observations  are  to  be  made.  A  column  of  the  soil  or  subsoil,  2  inches 
or  more  square,  and  4  or  5  inches  deep,  is  then  to  be  carved  out,  and 
a  glass  or  metal  frame,  a  little  larger  than  this  and  3  or  4  inches  deep, 
is  slipped  over  the  column,  and  melted  paraffine  is  then  run  in  to  fill 
up  the  space  between  the  soil  and  the  frame.  The  soil  is  then  struck 
off  even  with  the  top  and  bottom  of  the  frame,  a  piece  of  linen  tied 
over  the  under  side,  or  what  is  better,  the  frame  can  rest  on  some 
coarse  sand  or  gravel,  contained  in  a  funnel,  to  prevent  the  soil  from 
falling  out  and  to  provide  good  drainage  for  the  water  to  pass  through. 
A  section  of  the  frame  can  then  be  placed  on  the  top  and  secured  by 
a  wide  rubber  band,  or  otherwise,  and  the  time  noted  which  is  required 
for  a  quantity  of  water  to  pass  through  the  saturated  soil.  The  ini- 
tial depth  of  water  over  the  soil  must  be  the  same  in  all  the  experi- 
ments. Root^holes  and  worm-holes  are  to  be  avoided,  and  these  are 
particularly  troublesome  in  clay  lands.  The  amount  of  space  should 
be  determined  in  this  or  in  another  sample,  as  described  in  a  previous 
section. 

These  determinations  are  usually  made  out  in  the  field.  They  are 
rather  troublesome  to  make,  especially  as  most  of  them  have  to  be 
made  in  different  parts  of  the  state,  and  they  require  considerable 
time ;  only  a  few  of  these  determinations  have  been  made  in  the  soils 
of  Maryland  as  most  of  our  time  has  necessarily  been  occupied  in  the 
preliminary  work  of  securing  samples  from  as  many  widely  separated 
localities  as  possible,  and  making  the  mechanical  analysis  of  the 
same  to  give  material  and  data  to  work  on.  With  this  in  hand  the 
field  has  all  to  be  gone  over  again,  to  study  the  texture  of  the  soil  and 
the  arrangement  of  the  soil  grains,  and  this  will  involve  the  determi- 
nation of  the  actual  rate  of  flow  of  water  through  the  soils  in  their 
natural  position  in  the  field.  The  preliminary  work  had  to  be  done 
first  so  that  this  work  would  have  a  meaning.  The  actual  determina- 
tions which  have  been  made  will  be  given  with  the  mechanical  analysis 
of  the  soils. 

Considerable  work  has  been  done  on  the  flow  of  water  through  air- 
dried  soils,  loaded  into  tubes.     Eight-inch  Argand  lamp  chimneys  are 
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used,  with  a  piece  of  muslin  tied  tightly  over  one  end.  A  mark  is 
placed  on  the  side  of  the  tube  6  inches  above  the  lower  end.  The 
chimneys  are  about  2  inches  in  diameter,  and  the  capacity  of  the  tube 
up  to  the  6-inch  mark  is  about  300  cubic  centimeters.  The  tube  is  filled 
with  6  inches  in  depth  of  soil  by  gently  tapping  the  bottom  of  the  tube. 
The  tube  is  weighed  before  and  after  tl^e  soil  is  introduced,  when  the 
weight  and  volume  of  the  soil  and  the  volume  of  the  empty  space  may 
easily  be  calculated  if  the  specific  gravity  of  the  soil  is  known.  2.66  has, 
in  all  cases,  been  used  as  the  specific  gravity  of  the  soil.  From  this 
data  and  the  mechanical  analysis  of  the  soil  the  relative  rate  with 
which  water  will  move  through  the  soil  can  be  calculated. 

The  soil  should  then  be  saturated  with  water  and  the  tube  sup- 
ported so  that  the  muslin  just  touches  the  surface  of  the  water, 
contained  in  a  vessel  below,  to  reduce  any  tension  at  the  bottom  of 
the  soil.  What  is  better  than  this  is  to  remove  the  muslin  from  the 
bottom  of  the  tube  before  the  soil  is  saturated,  and  place  the  tube  on 
some  fine  gravel  or  coarse  sand,  contained  in  a  funnel,  to  keep  the 
soil  from  falling  out,  but  to  provide  good  drainage  for  the  water. 
When  the  soil  is  saturated  and  water  is  flowing  from  the  funnel,  an 
inch  in  depth  of  water  (41  cubic  centimeters)  is  then  carefully  poured 
on  the  soil  and  the  time  noted  that  is  required  for  it  to  pass  through 
the  soil,  or  to  displace  an  equal  quantity  of  water  from  the  tube. 
The  initial  depth  of  water  in  these  determinations  is  1^  inches,  and 
the  time  is  noted  which  is  required  for  the  water  to  fall  one  inch,  or 
to  within  |  an  inch  of  the  surface  of  the  soil. 

It  is  extremely  difficult  to  fill  these  tubes  in  this  way  with  air-dry 
soil  without  a  separation  of  the  finer  particles  into  separate  layers, 
which  would  retard  the  flow  of  water.  The  tubes  often  have  to  be 
filled  several  times  before  they  are  uniform  in  appearance.  In  view 
of  this  difficulty,  it  is  much  better  to  slightly  moisten  the  soil  before 
filling  into  the  tube.  But  as  the  amount  of  moisture  aflfects  the 
arrangement  of  the  grains  and  the  rate  of  flow,  we  have  used  3  per 
cent,  of  moisture  in  all  cases.  To  mix  this  uniformly  and  easily  with 
the  soil,  rather  more  than  the  requisite  quantity  is  poured  on  to  the 
soil  and  covered  over  with  the  dry  material  and  let  stand  for  a  number 
of  hours  to  soak  in.  After  this  it  can  be  thoroughly  and  easily 
mixed  by  hand  without  the  formation  of  lumps.  After  thorough 
mixing  it  is  allowed  to  stand,  if  necessary,  until  the  soil  contains 
only  3  per  cent,  of  water,  and  it  is  then  thoroughly  mixed  again  and 
loaded  into  the  tube. 

This  method  is  not  so  reliable  as  where  the  soil  is  taken  in  its 
natural  position  in  the  field,  for  the  effect  of  drying  and  the  neces- 
sary preparation  of  breaking  down  the  limips  which  have  been 
formed  in  drying,  before  loading  into  the  tube,  may  very  materially 
modify  the  arrangement  of  the  soil  grains.     Still,  when  it  is  remem- 


RELATIONS   OF   SOILS   TO   WATER.  39 

bered,  that  in  plowing  the  soil  is  turned  over  and  allowed  to  fall 
back  as  it  would  fall  into  the  tube  and  is  often  quite  completely 
dried  out  during  this  process,  and  that  this  does  not  very  materially 
change  the  arrangement  of  the  soil  grains  if  done  intelligently,  per- 
haps these  objections  are  not  as  serious  as  they  would  appear  at  first 
sight,  and  that  soil  samples  brought  from  a  distance  can  be  com- 
pared in  this  way.  It  would  be  very  desirable  if  a  method  could  be 
devised  for  determining  the  actual  rate  of  flow  of  water  through  soils 
short  of  saturation,  when  they  contained,,  say,  8  or  10  per  cent,  of 
qioisture. 

There  is  another  difficulty  encountered  in  this  method,  that  where 
the  saturated  soils  are  left  standing  the  rate  of  flow  becomes  slower 
and  slower,  probably  caused  by  a  rearrangement  of  the  soil  grains, 
due  to  the  repeated  quantities  of  water  changing  the  composition  of 
the  soil  moisture.  For  this  reason  it  is  better  to  pass  air  through  the 
soil  than  the  denser  fluid  water.  A  known  quantity  of  air  can  be 
passed  through  the  soil  at  a  definite  pressure  and  the  time  noted,  as 
in  the  case  of  water.  This  is  a  much  more  satisfactory  method,  as 
there  are  no  chemical  or  physical  changes  to  be  feared. 

THE  RELATION  OF  SOILS  TO  WATER. 

The  samples  which  are  to  be  described  have  all  been  very  carefully 
collected  by  the  writer.  The  early  sampling  was  done  with  a  spade, 
but  most  of  the  Maryland  soils  have  been  collected  with  a  2-inch 
wood  auger,  one  end  being  fitted  for  a  small  iron  pipe  which  could  be 
inserted  at  will  for  a  handle.  The  auger  can  readily  sample  to  a 
depth  of  18  inches  from  the  surface,  and  besides  the  much  greater 
convenience  in  carrying  and  in  sampling  over  the  spade,  it  brings  up 
a  complete  sample  to  the  desired  depth,  the  whole  of  which  is  carried 
to  the  laboratory,  and  it  is  not  necessary  to  mix  it  in  the  field  to  se- 
lect a  small  sub-sample,  as  must  be  done  when  the  spade  is  used. 

The  sample  of  soil  is  taken  down  to  the  change  of  color,  or,  when 
this  is  not  apparent,  to  a  depth  of  6  inches,  and  the  subsoil  is  taken 
from  below  this  to  a  depth  dependent  upon  the  nature  of  the  mate- 
rial, but  usually  to  a  depth  of  18  inches  from  the  surface. 

The  subsoil  alone  has  been  analyzed  and  examined  in  most  cases, 
for  the  soil  has  been  subjected  to  artificial  conditions  and  manuring, 
which  might  materially  modify  the  results  of  the  investigation,  and 
besides,  the  undisturbed  subsoil  practically  determines  the  movement 
of  water,  and  it  is  the  subsoil,  rather  than  the  soil,  upon  which  the 
practical  farmer  bases  his  judgment  of  the  strength  and  character  of 
the  land. 

The  samples  have  been  taken  from  as  widely  different  localities  as 
possible,  and  from  many  different  soil  formations,  and  they  are  ac- 
companied, as  far  as  possible,  with  very  full  notes  on  their  geological 
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origin,  their  agricultural  value  and  importance,  and  to  a  lesser  degree 
upon  the  botanical  character  of  the  natural  growth.  Some  of  these 
samples  have  been  quite  fully  described  in  the  Fourth  Annual  Report 
of  the  Maryland  Agricultural  Experiment  Station,  but  only  such 
peculiarities  will  be  mentioned  here  as  may  seem  necessary  or  desira- 
ble in  the  presentation  of  the  results. 

SOUTH  CAROLINA  SOILS. 

Some  very  interesting  conditions  were  presented  in  the  study  of  the 
South  Carolina  soils,  which  throw  light  on  the  subject  under  consid- 
eration, and  which  show  very  plainly  the  relation  of  the  texture  and 
of  the  physical  properties  and  condition  of  the  soil  to  the  local  dis- 
tribution of  crops. 

The  conditions  most  favorable  to  the  production  of  cotton  may  be 
briefly  stated  as  follows :  From  the  time  of  planting,  the  temperature 
and  rainfall  gradually  increase  until  about  the  middle  of  July  or  the 
first  of  August,  when  the  plant  has  practically  attained  its  growth 
and  has  laid  lip  all  the  food  material  needed  for  a  full  crop.  During 
this  growing  period  an  even  temperature  is  desired,  with  a  high  tem- 
perature as  the  plant  attains  good  size.  Plenty  of  sunshine  is  needed, 
and  frequent  rather  than  long  continued .  showers.  The  ground  is 
thoroughly  cultivated  and  the  crop  is  kept  free  of  weeds  and  grass 
to  conserve  the  moisture  in  the  soil.  The  conditions  which  prevail 
are  nearly  tropical,  and  if  they  continued  the  plant  would  continue 
to  grow  as  a  perennial  shrub  with  little  tendency  to  ripen  fruit.  But 
after  the  first  of  August  the  temperature  rapidly  falls,  there  is  less 
rainfall,  cultivation  is  stopped,  and  the  soil  becomes  cooler  and  drier, 
the  re»l  growth  of  the  plant  is  checked,  and  the  food  material  stored 
up  by  the  plant  is  transferred  to  the  fruit,  and  the  plant  ripens  up  a 
crop. 

The  lower  pine  belt  in  South  Carolina  covers  nearly  one-third  of  the 
state,  but  produces  only  about  6  per  cent,  of  the  cotton  crop  of  the 
state;  The  soils  are  fair  and  the  meteorological  conditions  must  be 
favorable,  for  on  one  side  of  this  belt  are  the  fertile  Sea  Island  cotton 
soils  along  the  coast;  on  the  other  side  is  the  fertile  "red  hill" 
formation,  which  contains  some  of  the  finest  upland  cotton  lands  of 
the  state.  The  land  in  this  lower  pine  belt  is  everywhere  very  level 
and  very  low,  so  that  there  is  poor  drainage,  the  water  often  rising  to 
within  a  foot  of  the  surface  in  the  wells,  and,  indeed,  covering  much 
of  the  country  between  the  water  courses,  as  it  can  neither  flow  off  the 
level  surface  nor  down  through  the  already  saturated  subsoil. 

On  what  are  called  the  "  ridge-lands,"  bordering  the  water  courses, 
and  for  two  or  three  miles  inland  from  the  principal  rivers,  which  have 
worn  their  way  down  in  the  soft  material  for  60  or  100  feet,  the  soils 
have  good  drainage,  and  very  large  crops  of  cotton  are  produced,  while 
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further  away  from  the  water  courses  the  land  is  almost  entirely  left 
out  in  forest  growth.  Probably  much  could  be  done  with  this  land 
with  improved  methods  of  cultivation  and  by  judicious  manuring,  but 
the  land  needs  underdrainage,  and  it  would  be  both  difficult  and  ex- 
pensive to  get  good  drainage  in  this  low,  flat  country.  Where  cotton 
is  cultivated  there  are  all  the  signs  of  too  moist  a  soil.  The  plant 
attains  a  large  size,  and  one  would  suppose  it  would  supply  a  large 
yield,  but  it  puts  on  little  fruit,  hardly  more  than  a  third  of 
what  would  be  expected  from  the  size  of  the  plant,  and  much  of  this 
is  lost  by  rust  and  shedding.  The  growth  of  the  plant  is  not  properly 
checked,  and  when  a  change  does  come  it  is  sudden  and  severe,  and 
lowers  the  vitality  of  the  plant,  rendering  it  liable  to  disease  and  in- 
sect ravages. 

The  texture  of  these  soils  and  the  relation  to  moisture  undoubtedly 
determine  the  low  yield  of  crop.  The  most  important  thing  which 
could  be  done  in  the  improvement  of  these  lands  would  be  the  intro- 
duction of  a  system  of  under-drains,  but  even  without  this  it  would 
undoubtedly  be  possible  to  introduce  improved  methods  of  cultiva- 
tion and  manuring  which  would  check  this  excessive  growth,  and  in- 
duce the  plant  to  ripen  up  a  larger  crop. 

THE    SEA  ISLAND   SOILS. 

Very  interesting  conditions,  showing  the  influence  of  soil  moisture 
on  the  local  distribution  of  crops,  are  seen  on  the  Sea  Islands  off  the 
coast  of  South  Carolina.  The  soils  of  the  Sea  Islands  consist  gener- 
ally of  a  very  fine  sand,  the  particles  of  which  are  of  very  uniform 
size,  as  shown  by  the  mechanical  analysis.  The  soils  are  naturally 
rather  poor  but  are  capable  of  a  high  state  of  cultivation.  The  natural 
growth  is  oak,  hickory,  gum,  and  chinquapin.  There  is  no  original 
pine,  but  fields  left  out  grow  up  in  old  field  pine.  James  Island, 
just  across  from  Charleston,  and  one  of  the  most  northern  of  the 
the  Sea  Islands,  and  to  which  these  notes  have  more  particular  refer- 
ence, is  some  8  or  9  miles  long  and  from  2  to  3  mil^  broad.  The  soil 
on  the  south  side  is  generally  "  sandy,"  wfth  a  sandy  subsoil  down  to 
water  level,  which  is  from  5  to  6  feet  below  the  surface.  On  the  north 
side  of  the  island  or  that  nearest  to  the  mainland,  there  is  a  yellow 
clay  or  loam  subsoil.  The  surface  of  the  water  in  the  wells  is  gener- 
ally 5  or  6  feet  below  the  surface  of  the  ground,  and  is  quite  fresh 
even  if  the  well  is  near  the  shore.  If  the  well  is  much  deeper  than 
this,  however,  the  water  is  salt,  even  in  the  center  of  the  island.  This 
is  in  accordance  with  a  statement  made  by  Storer  of  conditions  pre- 
vailing near  Boston. 

When  the  Sea  Island  cotton  was  first  introduced  into  South  Caro- 
lina, about  100  years  ago,  it  failed  to  mature  before  frost,  and  for  this 
reason  the  first  crop  was  lost.    The  crop  ripens  now  very  much  earlier 
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SO  that  there  is  zlo  danger  from  frost.  The  planters  have  evolved  a 
very  peculiar  system  of  cultivation,  the  plants  are  grown  on  very  high 
beds  or  ridges  from  12  to  18  inches  high,  and  from  4  to  5  feet  broad, 
partaking  somewhat  of  the  nature  of  the  ridges  used  by  the  Romans, 
and  for  the  same  reason,  t.  e.,  to  keep  the  roots  of  the  plant  in  thor- 
oughly drained  and  comparatively  dry  soil.  The  subsoil  is  never  dis- 
turbed and  soft  mud  from  the  adjacent  marshes  and  salt  marsh  grass 
and  litter  of  all  kinds  are  placed  in  the  bottom  of  the  bed,  effectually- 
keeping  the  roots  from  developing  down  into  the  moist  subsoil.  The 
bed  itself  is  very  highly  manured.  During  the  last  twenty  years  the 
finest  cotton  lands  have  been  gradually  underdrained  with  tile  drains, 
costing  from  $10  to  $60  per  acre,  depending  on  the  character  of  the 
land  and  the  distance  apart  of  the  tiles.  The  sandy  lands  have  only 
to  be  drained  in  low  places,  while  in  the  heavier  soils  drains  are 
placed  from  25  to  100  feet  apart  and  from  2  to  4  feet  deep,  with  a  fall 
of  about  6  inches  in  100  feet  where  possible.  The  planters  believe 
that  underdrainage  has  made  the  crop  much  earlier  and  surer  and 
that  the  high  beds  are  not  now  as  necessary  as  formerly.  They  are 
able  to  maintain  any  grade  of  cottibn  desired  by  judicious  cultivation 
and  careful  selection  of  seed. 

The  finest  cotton  lands  are  near  the  water,  where  the  lands  are  bet* 
ter  drained  than  in  the  interior.  These  lands  are  given  up  entirely 
to  Sea  Island  cotton,  and  of  re^cent  years  to  early  truck  and  vegetables 
for  northern  markets.  The  land  in  the  interior  of  the  island  is  not 
so  well  drained  and  does  not  yield  as  productive  crops  of  cotton,  nor 
as  fine  staple,  as  the  crop  is  generally  more  liable  to  shedding,  flag- 
ging, rust,  and  insect  ravages  than  on  the  better  drained  soils  just 
described ;  this  land  is  better  for  corn  than  the  finest  cqtton  soils,  and 
it  is  generally  known  as  "  corn  "  or  "  provision  land,"  as  it  is  given  up 
to  the  cultivation  of  com  and  provisions  for  the  farm. 

Cotton  usually  starts  out  well  on  this  land  and  the  plants  attain  a 
large  size  but  put  on  very  little  fruit  and  are  liable  to  disease  and  in- 
sect ravages.         ^ 

The  following  diagrams  ^how  the  moisture  curve  in  two  soils  from 
James  Island,  S.  C.  Both  soils  were  in  cotton  and  samples  of  the 
James  Island,  S,  C,  soUsy  1890.  James  IsU^nd,  S.  C,  soUs,  1891. 
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soil  were  taken  weekly  for  the  moisture  determination.  The  sample 
was  taken  with  an  iron  tube  9  inches  long  and  2  inches  in  diameter, 
which  was  driven  down  its  whole  length  into  the  soil.  The  sample 
was  sent  to  the  station  in  air-tight  glass  jars,  and  the  moisture  wa4i 
determined  by  air-drying  about  1,000  grams  of  the  material. 

The  time  covered  only  a  part  of  the  growing  period.of  the  crop 
each  year.  In  1890  this  was  of  the  early  part  of  the  season,  and  in 
1891  of  the  middle  and  latter  part  of  the  true  growing  season  before 
the  ripening  period  really  commenced. 

It  will  be  seen  that  the  moisture  curve  for  the  provision  land  is 
very  much  more  irregular  than  that  for  the  cotton  soil,  and  it  is  un- 
doubtedly these  marked  and  sudden  changes  which  render  the  crop 
less  certain.  On  July  26,  1891,  rust  appeared  in  the  cotton  on  the 
provision  land,  and  by  September  4th  the  plants  had  lost  nearly  all 
their  leaves  from  this  cause. 

The  planters  themselves  believe  that  underdrainage  and  high  beds, 
with  heavy  applications  of  salt  mud  to  keep  the  roots  from  develop- 
ing down  into  the  subsoil,  will  check  the  growth  of  the  plant  and 
enable  as  good  crops  to  be  grown  hfere  as  elsewhere,  but  as  these  lands 
are  inland,  both  the  mud  and  drainage  are  costly  and  difficult  to 
apply. 

The  mechanical  analyses  of  some  of  the  soils  from  James  Island  are 
given  in  the  accompanying  table,  including  three  principal  types  of  Sea 
Island  cotton  lands  and  one  sample  of  the  ^'  provision "  land  from 
the  interior,  on  which  cotton  cannot  be  economically  produced.  The 
approximate  extent  of  surface  area,  in  square  centimeters  per  gram, 
and  the  approximate  number  of  grains  per  gram,  are  also  given  as 
calculated  by  the  formulae  already  given.  The  resulte  cannot  be  com- 
pared directly  with  the  work  on  the  Maryland  soils  for  there  are  not 
so  many  separations,  and  the  absolute  values  are  not  the  same. 

Meekanieal  andlystM  of  Sea  Island  cotton  subsoils  from  James  Island^  S.  C 


Diameter. 


Sea  Island  cotton  lands. 


ConTenlional  names. 


86. 


88. 


"Sand  and 


ProTision 


Cl«,  Und.  I    ^;;^^-  sandy  land.  "li'^S; 


'-•5 
•5-- 25 
25-05 

.05-.  01 

.01-0 


PInegraTel .. 
Coarse  sand.., 
Medium  sand 
Fine  sand*... 

Silt 

Clayt  


0.00 

0-54 
1-03 

83.20 
6.44 

7-17 


0-59 

0.00 

3-67 

0.00 

4.27 

0.67 

78.88 

90.14 

4.20 

3-35 

6.63 

4.78 

0.00 
0.88 
2.50 

82.97 
6.30 

5-70 


Total 

Orgsoie  matter,  water,  loss. 


98.38 
1.62 


98.24 
1.76 


98.94 
1.06 


98.35 
1.65 
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Mechanical  analyses — Continued. 


!  Approximate 
Surfitce         number 
aren.       :  of  grains  per 
I       gram. 


S<i.  cm. 

383-7 
441.9 

464.8 
509-7 


279«ooOyOOO 
336,000,000 
390,000,000 
421,000,000 


•Including  "very  flne  sand"  of  later  analyses  (.i-.os  millimeter), 
t  Including  "fine  silt"  of  later  analyses  (.01-.005  millimeter). 

The  "provision"  land  need  hardly  be  considered  here,  for  the 
trouble  with  the  land  is  admitted  to  be  poor  drainage,  owing  to  its 
location ;  and  in  many  cases  it  has  a  layer  of  iron  ore  underlying  it 
at  a  depth  of  3  or  4  feet,  from  the  surface. 

Of  the  cotton  soils  the  clay  land  (82)  is  considered  the  strongest 
soil.  With  the  same  treatment  it  produces  a  larger  yield  per  acre, 
although  the  fiber  is  rather  shorter  and  heavier,  than  the  sandy  land. 
The  Sea  Island  planters  have  an  admirable  method  of  selecting  seed 
and  they  can  maintain  almost  any  desired  grade  of  lint.  They  select 
the  sandy  land  (86),  however,  in  preference  to  the  clay  land  for  the 
finest  grade  of  lint.  With  the  same  seed  and  treatment  the  sandy 
land  does  not  produce  so  much  yield  per  acre  as  the  heavier  clay  land ; 
the  plants  moreover  are  not  so  large,  the  crop  ripens  earlier,  and  the 
lint  is  somewhat  finer  and  longer.  The  agricultural  value  of  these 
cotton  soils  varies  with  the  amount  of  clay  they  contain  and  with  the 
approximate  number  of  grains  per  gram,  as  given  in  the  table,  and  the 
planters  realize  that  the  sandy  soils  are  less  retentive  of  moisture  and 
are,  as  a  rule,  drier,  and  that  it  is  this  fact,  rather  than  lack  of  plant 
food,  which  explains  the  difference  in  their  agricultural  value. 

THE   WEDGEFIELD   SOILS. 

Very  interesting  conditions  have  also  been  studied  in  three  soils 
from  Wedgefield,  S.  C.  Wedgefield  is  situated  on  a  narrow  strip  of 
the  "red  hill"  formation,  about  2  miles  from  the  Wateree  River, 
and  the  railroad  station  is  about  150  feet  above  low  water,  with  a  bold 
bluff  coming  down  to  the  swamp,  about  half  way  between  the  station 
and  the  river.  The  soil  of  this  red  hill  formation  has  a  strong,  dark 
red  clay-loam  subsoil.  The  formation  widens  out  considerably  in 
Orangeburgh  and  Aiken  counties,  and  is  noted  throughout  its  whole 
extent  for  its  fertility  and  the  excellent  conditions  for  a  good  cotton 
soil.  The  land  is  gently  undulating,  with  good  surface  drainage,  and, 
although  a  compact  red  clay  from  40  to  80  feet  thick,  it  has  good 
underdrainage.  It  is  considered  a  very  safe  soil,  as  cotton  rarely  suffers 
from  excessive  wet  or  dry  weather  and  the  plants  are  usually  very 
vigorous  and  are  not  subject  to  rust,  shedding,  or  lice,  as  on  the 
adjacent  lands.  With  good  treatment  it  may  be  relied  on  to  produce 
1,000  to  1,400  pounds  of  seed  cotton.     If  anything,  the  soil  is  consid- 
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ered  rather  too  close  and  too  retentive  of  moisture,  and  this,  together 
with  rather  high  nitrogenous  manuring,  has  inclined  the  plant  on  this 
particular  soil  to  make  rather  an  excessive  growth  for  the  amount  of 
fruit  which  it  produces.  On  the  whole,  the  soil  of  this  formation  is 
considered  the  finest  type  of  upland  cotton  soil  in  the  state.  The 
wells  are  usually  about  40  feet  deep,  but  are  often  80  feet  and  even 
120  to  160  feet  deep. 

About  If  miles  from  the  station  at  Wedgefield,  there  is  a  range  of 
sand  hills  bordering  the  red  hill  formation  and  extending  for  miles 
up  and  down  the  river.  The  soil  and  subsoil  are  coarse,  yellow  sand, 
with  red  clay  fully  15  to  20  feet  below  the  surface,  on  the  plateau 
where  these  samples  were  taken  just  before  entering  the  sand  hills 
proper.  Cotton  cannot  be  economically  produced  on  this  land,  for 
the  soil  is  so  light  in  texture  that  the  crop  suffers  in  excessive  wet  or 
dry  weather.  With  the  same  treatment  it  is  thought  that  it  will  not 
make  one-fifth  as  much  cotton  per  acre  as  the  "  red  land."  The  sandy 
land  makes  fairly  good  crops  of  corn  and  is  excellent  for  sweet  pota- 
toes, melons,  and  early  truck.  It  is  never  planted  in  cotton  by  the 
large  planters. 

There  is  a  narrow  belt,  about  i  mile  wide  at  this  place,  lying  between 
the  red  hill  formation  and  the  sand  hills,  locally  known  as  "  gummy 
land,"  because,  although  it  appears  to  be  a  coarse,  red  sand,  it  gums 
up  and  sticks  to  a  plow,  especially  when  it  is  quite  moist.  In  color 
it  is  precisely  like  the  red  land,  and  the  mechanical  analysis  shows 
that  it  contains  about  the  same  amount  of  clay.  In  texture  it  looks 
and  feels  like  red  sand.  In  its  relation  to  moisture,  also,  it  behaves 
more  as  a  sand  than  as  a  clay,  so  that  crops  suffer  in  excessive  wet  or 
dry  seasons.  In  unfavorable  seasons  the  plants  are  small  and  the 
vitality  of  the  plants  is  so  much  lowered  that  they  are  rendered  liable 
to  disease  and  insect  ravages.  In  a  good  season  and  with  the  same 
manuring  and  treatment  it  is  thought  that  this  land  will  make  only 
about  four-fifths  as  much  crop  as  the  red  land,  but  in  unfavorable 
seasons  the  difference  is  much  greater  than  this. 

No  amount  of  fertilizers,  as  usually  applied,  will  make  these  two 
soils  as  productive  or  as  safe  for  cotton  as  the  red  land.  The  meteoro- 
logical conditions  are  the  same  over  all,  and  the  difference  is  undoubt- 
edly due  to  the  physical  properties  of  the  soils,  and  especially  their 
relation  to  water,  rather  than  to  any  difference  in  chemical  composi- 
tion. The  planters  themselves  freely  admit  that  the  peculiarity  of 
these  soils  and  their  natural  or  acquired  fertility  are  largely  dependent 
on  their  relation  to  the  moisture  supply  of  crops. 

The  mechanical  analyses  of  these  soils  are  given  in  the  accompanying 
table,  with  the  approximate  number  of  grains  per  gram  and  the  ap- 
proximate extent  of  surface  area  of  these  grains  in  square  cefitimeters 
per  gram. 
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Mechanical  analyses  of  mbsoils  from  Wedg^fidd,  S,  C 


Diameter. 


Conyentional  names. 


74- 


Red  land. 


76. 


78. 


"^liSd"^'i^»<*y  »-»<*• 


$ntn, 

2-X 

1-5 

•5-25 
.35-05 

.05—01 

.01-0 


Fine  gravel... 
Coarse  sand . . 
Medium  sand. 
Fine  sand*  ... 

Silt 

Clayt 


ToUl 

Organic  matter,  water,  loss 


I. IX 

5-92 
9.67 

43.75 
38.85 


Z.98 

3.88 

14.91 

31-45 

30.17 

37.31 

38.14 

3-96 

as- 47 
6.93 

36.25 

3-97 

No. 


78 
76 

74 


Soil. 


Sand J  land  . . 
Gummy  land 
Bed  land  .... 


Clay. 

Surface 
area. 

P»e«Ht. 

3-97 
36.25 

38.85 

09.  en. 
384.8 
ii  358.0 
1,496.0 

Approzimmte 

number 

of  grains  per 

gram. 


232,700, 
i,5i>7.ooo, 
11736,000, 


<*  Including  "yery  fine  sand"  of  later  analyses  (.1-.05  millimeter), 
t  Including  "fine  silt"  of  later  analyses  (.01-005  millimeter). 

The  amount  of  empty  space  in  these  lands  is  given  in  a  preceding 
table,  and  it  will  be  seen  from  this  table  that  this  space  is  divided  more 
in  the  red  land  than  in  the  sandyland,  as  there  are  a  great  many  more 
grains  in  the  former  than  in  the  latter.  Experiments  were  tried  with 
the  air-dried  soils  in  the  laboratory  to  determine  the  relation  of  these 
soils  to  water  and  especially  the  ease  with  which  water  would  move 
thiough  them. 

A  quantity  of  the  red  land  was  loaded  into  a  tube,  the  amount  of  space 
being  determined  in  the  way  already  described.  An  inch  in  depth  of 
water  (41  cubic  centimeters)  passed  through  the  saturated  subsoil  in 
133  minutes.  As  this  soil  is  considered  rather  close  and  retentive  of 
moisture,  making  the  crop  rather  late  in  starting  off  and  growing  rather 
late  in  the  fall,  a  number  of  fertilizing  matierials  were  applied  to 
diminish  the  rate  of  flow.  A  few  drops  of  a  saturated  solution  of 
gypsum  made  the  water  pass  in  105  minutes,  as  a  result  of  several 
trials. 

Taking  133  minutes  for  the  red  land  as  a  basis  of  calculation,  the 
same  quantity  of  water  should  pass  through  the  same  depth  of  sandy 
land  of  a  given  compactness  and  as  calculated  from  the  mechanical 
analysis  in  5^  minutes.  The  water  actually  passed  through  in  3f 
minutes,  a  result  agreeing  very  closely  with  the  calculated  time.  The 
"  gummy  land  "  contains  very  nearly  as  much  clay  and  very  nearly 
as  many  grains  per  gram  as  the  red  land,  and  it  was  calculated  from 
the  mechanical  analysis  that  the  same  quantity  of  water  should  pass 
through  this  subsoil,  as  loaded  in  the  tube,  in  130  minutes.  The 
water  actually  passed  through  in  14  and  16  minutes,  as  a  result  of 
several  trials.    The  soil  appears  like  a  sandy  soil.    The  mechanical 
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analysis  shows  that  it  contains  only  about  the  same  amount  of  the 
different  grades  of  sand  as  the  red  land,  but  it  has  rather  more  of  the 
coarser  grades.  It  appears  as  though  the  clay  were  held  closely  to 
the  grains  of  sand,  through  flocculation  perhaps,  giving  the  appear- 
ance of  larger  grains  than  the  soil  really  contains.  In  the  mechani- 
cal analysis  of  the  material  flocculation  was  so  troublesome  that 
ammonia  hJEui  to  be  used  to  overcome  and  prevent  it,  as  the  clay  liquid 
would  settle  out  clearly  and  at  once  without  this  addition.  A  few 
drops  of  ammonia  were,  therefore,  added  to  the  water  as  it  was  pass- 
ing through  the  subsoil  in  the  tube,  and  it  checked  the  rate  of  flow 
at  oncej  so  that  it  took  over  2,000  minutes  for  the  liquid  to  pass.  The 
alkali  was  evidently  stronger  than  it  should  have  been,  as  it  made  the 
soil  almost  impervious  to  water.  The  action  of  the  alkali  on  the  soil 
could  be  traced  as  it  proceeded  down  the  tube,  the  soil  appearing  to 
slake  and  the  grains  of  clay  to  fall  away  from  the  grains  of  sand. 
The  action  could  be  distinctly  watched  through  a  microscope  focused 
against  the  inside  of  the  tube.  The  fine  silt  and  clay  particles  could 
be  seen  to  leave  the  grains  of  sand  and  gather  in  loose  light  flocks 
in  the  spaces  within  the  soil. 

There  seems  no  doubt  but  that  the  trouble  with  this  soil  was  in  the 
arrangement  of  the  soil  grains,  in  which  the  clay  particles  did  not 
have  their  best  effect  in  retarding  the  rate  of  flow  and  in  making  the 
soil  sufficiently  retentive  of  moisture.  The  grains  were  probably  so 
arranged  that  some  of  the  spaces  within  the  soil  were  relatively  ex- 
tremely large.  The  ammonia  changed  this  and  caused  a  rearrange- 
ment of  the  soil  grains  by  ^hieh  they  were  more  evenly  distributed 
throughout  the  soil.  It  is  probable  that  other  substances  would  have 
had  the  same  effect,  and  that  through  their  judicious  use  the  grains 
of  clay  could  have  been  pushed  a  little  further  apart,  and  the  soil  be 
made  as  retentive  of  moisture  as  the  red  land  and  as  productive 

Diagram  showing  the  percentage  of  mois-  and  as  safe  a  soil  for  cotton.     This 

lure  in  the  Wedgdidd  moxU,  •     j.i.     t  i.  •  i_   ^i.      • 

^^  IS  the  line  m  which  the  improve- 

ment of  this  land  should  be  worked 
out.  There  is  sufficient  clay  in  the 
land  to  make  it  as  retentive  of  mois- 
ture as  is  required  in  the  best  cot- 
ton soil,  and  to  improve  the  land 
the  object  should  be  to  push  these 
grains  of  clay  apart  so  as  to  change 
the  texture  of  the  soil. 

Samples  were  taken  from  each  of 
these  three  soils  once  a  week  dur- 
ing a  portion  of  the  season  of  1890, 
and  moisture  determinations  were  made  by  air-drying  the  soils.    The 
samples  were  taken  to  a  depth  of  9  inches  from  the  surface.    The 
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preceding  diagram  shows  the  amount  of  moisture  in  the  soils  at  the 
stated  times. 

It  is  to  be  observed  that  the  season,  as  a  whole,  was  too  wet  for  the 
best  development  of  the  crop.  On  the  red  land  this  resulted  in 
rather  too  much  growth  and  too  little  fruit  in  proportion  to  the  size 
of  the  plants,  but  the'  plants  themselves  were  otherwise  vigorous  and 
healthy.  On  the  "gummy  land"  and  sandy  land,  however,  the  vital- 
ity of  the  plants  was  seriously  impaired  by  the  frequent  and  heavy 
rainstorms ;  the  plants  were  small  and  were  very  seriously  injured  by 
lice.  It  happened  that  the  rain  came  in  very  heavy  and  soaking 
storms,  almost  invariably  three  or  four  days  before  the  samples  were 
taken,  and  this  was  followed  by  a  succession  of  hot,  sunny  days,  so 
that  the  diagram  does  not  give  a  true  idea  of  the  moisture  in  the 
soils,  as  it  would  if  the  rainfall  had  been  more  evenly  distributed,  or 
if  the  samples  had  been  taken  at  more  frequent  intervals.  The  dif- 
ference in  the  moisture  content  of  these  soils,  as  shown  by  the 
diagram,  is  probably  amply  suflBlcient  to  account  for  the  difference  in 
the  agricultural  value  of  the  lands.  When  it  is  considered,  also,  that 
this  was  an  unusually  wet  season,  the  amount  of  moisture  which  can 
be  maintained  for  the  crop  by  the  sandy  land  in  an  average  season 
must  be  very  small.  It  is  unfortunate  that  these  records  could  only 
be  extended  over  part  of  a  single  season. 

One  cannot  help  but  think  that  the  difference  in*  the  agricultural 
value  of  these  three  soils  is  due  to  the  relation  of  the  soils  to  water, 
and  the  amount  of  water  which  they  can  maintain  for  the  crops,  and 
that  this  factor,  alone,  determines  the  local  distribution  of  crops  and 
makes  it  evident  why  melons  and  sweet  potatoes  are  admirably 
adapted  to  the  "  light  lands,"  and  cotton  to  the  heavy  clay  or  loam 
soils. 

If  it  is  conceded  that  this  is  the  trouble  with  the  "  gummy  land " 
it  will  be  comparatively  a  simple  matter  to  work  out  methods  of 
treatment  or  fertilization  which  will  overcome  this  trouble.  It 
would  be  much  easier  to  improve  the  land  in  this  direction  and  to 
force  the  grains  further  apart  than  it  would  be  to  draw  the  grains 
more  closely  together  in  the  impervious  Potomac  clays  of  Maryland, 
and  make  them  more  loamy  and  less  retentive  of  moisture.  It  must 
be  recognized,  however,  that  this  physical  condition  of  the  soil  is  the 
controlling  cause  in  crop  production  and  that  any  fertilization  is  not, 
or  should  not  be,  primarily,  to  supply  plant  food  to  the  soil  but  to 
act  in  changing  the  physical  structure  of  the  land.  The  "  best  fer- 
tilizer "  for  this  land  may  have  little  or  no  commercial  value,  or  it 
may  be  any  one  of  the  high  grade  commercial  fertilizers. 

Many  other  interesting  problems,  showing  the  effect  of  the  texture 
of  the  soil  and  the  relation  to  water  on  the  distribution  of  crops,  could 
be  given  as  presented  by  the  South  Carolina  soils  and  in  the  cultiva- 
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tion  of  the  cotton  crop.  Cotton  is  as  sensitive  to  these  conditions  of 
heat  and  moisture  as  many  greenhouse  plants,  and  responds  readily 
and  quickly  to  changes  in  these  conditions.  If  the  season  or  soil  is 
too  wet,  the  plants  are  inclined  to  excessive  growth  and  putron  but 
little  fruit ;  if  too  dry,  the  plants  do  not  attain  suflBlcieut  size  but  put 
on  generally  more  fruit  in  proportion  to  the  size  of  the  plant  and  the 
amount  of  food  material  which  has  been  stored  up.  Sudden  changes 
of  moisture  or  temperature  lower  the  vitality  of  the  plant  and  render 
it  liable  to  disease  and  insect  ravages.  The  plant  is  peculiarly  sensi- 
tive to  these  physical  conditions  and  is  admirably  adapted  to  these 
soil  investigations. 

It  is  to  be  regretted  that  this  work  could  not  have  continued  in 
South  Carolina  as  the  point  had  just  been  reached  where  a  large 
amount  of  material  and  data  had  been  collected  to  work  with,  but  the 
work  was,  unfortunately,  broken  up. 

MARYLAND  SOILS. 

We  come  now  to  speak  of  sonae  problems  presented  by  the  soils  of 
Maryland,  where,  it  will  be  understood,  much  time  has  been  spent  in 
necessary  preliminary  work  in  collecting  material  and  data.  We 
have  also  to  leave  the  study  of  cotton,  which  is  so  extremely  sensitive 
to  its  environments,  and  take  up  the  study  of  wheat,  which  is  not  very 
sensitive  but  which,  on  the  contrary,  readily  adapts  itself  to  marked 
changes  in  its  environments,  as  seen  in  the  very  wide  and  general 
distribution  of  the  plant  throughout  the  world. 

The  average  yield  of  wheat  per  acre  for  each  county  in  Maryland, 
as  calculated  from  the  returns  of  the  tenth  census,  is  as  follows : 

Average  yield  of  wheat  per  acre,  cu  given  in  the  tenth  census, 

Soathem  Maryland :  Bushds, 

Charles 7. 1 

Calvert. 7.6 

Saint  Marys 8. 8 

Anne  Arundel 9. 0 

Prince  George 9. 0 

Average 8.2 

Eastern  Shore : 

Worcester.. 7. 1 

Wicomico 7. 2 

Dorchester 7.  6 

Caroline 10.2 

Somerset 10.8 

Qaeen  Anne 18.  5 

Talbott, 14. 1 

Kent 14.  8 

Average 10.  6 

4 


60  SOILS   AND   MOISTURE. 

Average  yidd  of  wheal  per  acre — Continaed. 

Northern  and  Western  Maryland : 

AJlegany 8.9 

Garrett 10.7 

Baltimore 18.  7 

Carroll 14. 4 

Cecil 15.7 

Howard 16.5 

Harford 16.  7 

Montgomery 16.  9 

Frederick 16.  9 

Washington 18.0 

Average 14.8 

The  state  of  Maryland  contains  approximately  10,000  square  miles 
of  land  surface.  It  is  divided  geographically  into  four  sections: 
Southern  Maryland,  having  an  area  of  approximately  2,000  square 
miles,  has  gently  rolling  country,  and  forms  a  peninsula  with  the 
Chesapeake  Bay  on  the  east  and  the  Potomac  River  on  the  south  and 
west.  The  Eastern  Shore,  containing  approximately  3,000  square 
miles  with  generally  level  surface,  having  the  Chesapeake  Bay  on  the 
west,  the  Atlantic  Ocean  and  the  state  of  Delaware  on  the  east,  and 
two  counties  in  Virginia  on  the  south.  Northern  and  western  Mary- 
land contain  together  approximately  5,000  square  miles,  and  may  be 
classed  together  here  for  the  following  study.  The  surface  is  quite 
rolling  in  northern  Maryland  and  mountainous  in  western  Maryland. 

The  largest  average  yield  of  wheat  per  acre,  as  given  in  the  above 
table,  is  18  bushels  in  Washington  county.  This  is  principally  from 
the  heavy  clay  lands  of  the  Trenton  chazy  limestone  formation  of  the 
Cumberland  Valley.  The  lowest  average  yield  per  acre  is  in  the  lower 
counties  on  the  Eastern  Shore  and  southern  Maryland.  The  soil  on 
the  lower  part  of  both  of  these  peninsulas  is  notoriously  light  and 
sandy.  The  Eastern  Shore  and  southern  Maryland  belong  to  the 
Coastal  Plain,  and  have  the  undisturbed  and  unconsolidated  strata 
from  the  Jurassic  to  the  present  time.  Northern-central  Maryland 
belongs  to  the  Piedmont  Plateau,  made  up  of  the  highly  crystalline 
rocks  towards  the  east,  and  semi-crystalline  towards  the  west.  West- 
ern Maryland  contains  the  entire  sequence  of  Paleozoic  strata,  in 
several  series  of  folds  or  undulations.  The  geology  of  the  Eastern 
Shore  has  not  yet  been  worked  out  in  any  detail,  and  there  has  been 
no  attempt  to  examine  or  classify  the  soils. 

The  soils  of  southern  Maryland  are  generally  light  in  character  and 
texture,  ranging  in  texture  from  the  very  light  sands  of  the  Lafayette 
and  Columbia  terrace  formations,  containing  as  little  as  4  per  cent, 
of  clay  in  the  subsoil,  to  the  heavier  lands  of  the  Neocene  formation, 
containing  as  much  as  25  or  30  per  cent,  of  clay. 

The  soils  of  northern  and  western  Maryland  have,  as  a  rule,  not  less 
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than  25  or  30  per  cent,  of  clay,  and  the  finest  grass  and  wheat  lands 
in  the  limestone  formations  have  as  much  as  40  or  50  per  cent  of  clay. 
The  soils  of  southern  Maryland  are,  as  a  rule,  distinctly  lighter  in 
texture  than  those  of  northern  and  western  Maryland,  and  this  un- 
doubtedly explains  the  low  average  yield  of  wheat  in  this  locality,  as 
given  in  the  table.  This  is  clearly  recognized  by  practical  jnen  ac- 
quainted with  the  two  localities.  They  can  not  judge  of  the  differ- 
ence in  the  chemical  composition  of  the  soil ;  the  area  of  the  state  is 
90  small  that  there  can  4iot  be  great  differences  in  climatic  conditions, 
but  they  will  say,  from  the  general  appearance  of  the  land,  that  it  is 
not  as  "  heavy  "  as  the  finer  wheat  lands  of  western  Maryland.  It  is 
not  a  matter  of  mere  plant  food ;  it  is  not  because  the  preparation 
and  cultivation  in  these  Eastern  Shore  and  southern  counties  are  less 
thorough,  but  the  land  itself  is  too  "  light "  to  maintain  a  larger  yield 
of  grain  or  a  permanent  sod  of  grass. 

It  is  quite  possible  in  water  or  sand-culture,  where  the  conditions 
of  moisture,  temperature,  and  aereation  can  be  perfectly  controlled,  to 
add  sufficient  plant  food  to  the  otherwise  sterile  medium  for  the  pro- 
duction of  a  normal  crop.  If  the  conditions  of  moisture  and  tem- 
perature in  the  light,  sandy  truck  lands  or  of  the  pine  barrens  of 
southern  Maryland  are  favorable  for  the  production  of  wheats  then  it 
should  be  possible,  as  in  sand-culture,  to  produce  a  crop  of  wheat,  if 
sufficient  plant  food  be  added  to  the  soil.  But  no  one  would  suppose 
for  a  moment  that  the  mere  addition  of  plant  food  would  enable  a 
good  wheat  crop  to  be  produced  on  this  light,  sandy  land.  It  can  not 
be  economically  produced  on  them  under  existing  climatic  conditions, 
unless  vast  quantities  of  organic  matter  were  added  to  the  land  to 
change  the  whol^  character  and  texture  of  the  soil  and  make  it  more 
retentive  of  moisture.  If  the  soil  cannot  maintain  a  sufficient  sup- 
ply of  water  for  the  crop,  then  this  becomes  a  controlling  factor  and 
limits  crop  production.  We  will- show  that  these  light  lands  of  south- 
em  Marvland  are  not  as  retentive  of  moisture  as  the  heavier  wheat 
and  grass  lands  of  northern  and  western  Maryland,  and  that  this  fol- 
lows from  the  lighter  texture  of  these  soils,  from  which  the  practical 
farmer  judges  of  the  agricultural  value  of  the  land  and  the  kind  of 
crop  which,, can  .be  economically  produced.  It  appears,  therefore, 
that  the  controlling  cause  in  the  production  of  crops  and  in  the  local 
distribution  of  crops  in  these  different  soil  formations  in  the  state  is 
largely  due  to  the  texture  and  general  physical  conditions  of  the  soil, 
especially  to  their  relation  to  water  and  the  amount  of  water  which 
they  can  maintain  for  the  crop  under  existing  climatic  conditions. 

A  number  of  stations  have  been  established  in  several  of  the  prin- 
cipal soil  formations  of  the  state  for  the  study  of  the  moisture  and 
temperature  of  the  soil.  The  soils  of  the  different  formations  have 
markedly  different  texture  and  are  widely  different  in  their  agricul- 
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tural  value.  The  stations  are  near  volunteer  observing  stations  of  the 
Weather  Bureau,  or  have  the  ordinary  meteorological  instruments 
supplied:  They  are  not  yet  fully  equipped,  but  are  to  have  in  addi- 
tion to  the  above  instruments  a  soil  thermometer  of  a  special  con- 
struction, with  a  bulb  6  inches  long,  extending  from  3  to  9  inches  be- 
low the  surface.  It  has  a  straight  stem  inclosed  in  a  wooden  case,  as 
in  the  ordinary  soil  thermometer,  but  with  maximum  and  minimum 
indices  in  the  tube  to  register  the  highest  and  lowest  temperature. 
The  bulb  has  a  special  construction,  devised,  by  Professor  Marvin  of 
the  Weather  Bureau,  to  allow  of  the  use  of  the  two  indices  in  the 
same  stem.  If  the  instrument  is  as  successful  as  it  gives  promise  of 
being  it  will  be  fully  described  at  another  time. 

Moisture  determinations  are  to  be  made  in  samples  of  the  soil  at  the 
different  stations,  taken  in  small  brass  sampling  tubes,  f  of  an  inch 
in  diameter  and  9  inches  long,  with  a  mark  on  the  side  of  the  tube  6 
inches  from  one  end,  which  is  the  depth  to  which  thCi  sfimple  is  taken. 
Rubber  caps  are  slipped  over  the  open  ends  of  the  tube  and  it  is  put 
into  a  small  bag  and  sent  by  mail.  The  moisture  is  determined  by 
drying  50  grams  of  the  sample  in  a  porcelain  dish  in  a  water  bath  for 
five  hours.  The  sample  represents  the  first  6  inches  in  depth  from 
the  surface  down.  It  would  be  well  if  the  sample  could  be  taken  at  a 
uniform  depth  of  from  3  to  9  inches,  or  from  6  to  12  inches  below  the 
surface,  but  this  is  impracticable  at  these  volunteer  stations.  It  was 
decided  that  it  would  be  impossible  to  secure  uniform  conditions  if 
the  soil  were  under  cultivation  or  if  any  plants  were  allowed  to  grow 
on  them,  so  that  a  small  plot  of  land,  at  least  10  feet  square,  is  re- 
served for  this  work.  It  is  to  remain  undisturbed  during  the  season, 
except  that  grass  and  weeds  are  to  be  removed  by  hand. 

A  convenient  method  is  much  to  be  desired  for  the  determination  of 
moisture  in  the  soil  without  disturbing  the  natural  position  of  the 
soil  or  removing  or  changing  the  instrument  in  any  way.  Various 
methods  have  been  suggested  and  a  number  of  the  most  promising 
methods  were  tried  by  Sturtevant,  at  Geneva,  but  none  of  them  have 
been  perfected.  The  writer  has  been  trying  to  work  out  a  method 
based  on  the  change  of  electrical  resistance  of  the  soil  with  the  chang- 
ing moisture  content.  It  is  impossible,  however,  to  get  perfect  con- 
tact with  the  soil  and  the  plates,  and  it  seems  that  this  method  can 
not  be  perfected.  The  method  itself  and  the  difficulties  will  be  more 
fully  discussed  in  another  pari  of  this  report. 

These  moisture  observations  have  not  been  continued  sufficiently 
long  to  provide  data  for  this  report,  but  a  single  diagram  is  given 
showing  the  moisture  in  the  soil  in  an  open  bed  in  the  lawn  at  Clifton, 
where  this  work  is  located,  and  in  the  light,  early  truck  lands  at 
Marley. 


.    MARYLAND    SOILS. 
Diagram  showing  the  percentage  of  moisture  in  (he  wheat  and  truck  lands. 
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The  soil  at  Clifton  is  a  fairly  good  wheat  land,  apparently  about 
as  strong  as  the  better  class  of  wheat  lands  of  southern  Maryland, 
although    it  belongs  to  an  entirely  different  geological  formation. 

The  soil  from  Marley  represents  the  very  light,  early  truck  lands 
between  Baltimore  and  Annapolis,  which  will  be  described  in  some 
detail  in  another  part  of  this  report.  These  samples  were  taken  by 
Mr.  T.  W.  Soley,  of  Marley,  and  sent  by  mail  for  the  moisture  de- 
terminations. Neither  of  the  soils  were  cultivated  nor  disturbed  in 
any  way  during  this  period. 

The  mechanical  analysis  has  not  been  made  of  the  soil  at  Clifton 
for  the  reason  that  the  whole  of  the  Potomac  formation,  to  which  it 
belongs,  is  extremely  uneven.  The  moisture  determinations,  however, 
agree  very  closely  with  the  moisture  in  samples  from  the  Neocene 
wheat  land  at  South  River,  which  contains  17.87  per  cent,  of  clay. 
The  truck  land  from  Marley  has  only  4.40  per  cent,  of  clay. 

The  difference  in  the  amount  of  moisture  maintained  by  these  two 
soils,  as  shown  by  the  diagram,  is  probably  amply  sufficient  to  ac- 
count for  this  local  distribution  of  crops.  Grass  and  wheat  cannot 
be  economically  produced  on  a  soil  which  can  maintain  much  less 
water  than  that  at  Clifton,  and  certainly  not  in  a  soil  which  can  only 
maintain  as  little  as  that  at  Marley. 

These  two  localities  are  not  over  8  or  10  miles  apart  in  an  air  line, 
and  the  meteorological  conditions  could  not  have  been  very  different. 
The  "  season "  was  very  favorable  at  each  place,  the  rainfall  being 
rather  more  than  the  normal  at  both  places.  With  the  climatic  con- 
ditions sensibly  constant,  we  see  here  that  these  two  soils  maintain 
very  different  conditions  of  moisture  for  crops.  Rain  does  the  crop 
little  or  no  good  until  it  enters  the  soil.  We  see  that  one  of  these 
soils  lets  the  rainfall  pass  through  it  readily  and  maintains  not 
more  than  one-half  or  one-third  as  much  moisture  for  the  use  of  the 
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crop  as  the  other.  Each  of  these  conditions,  if  artificially  main- 
tained in  a  greenhouse,  would  be  distinctly  favorable  to  some  kinds 
of  plants  and  unfavorable  for  the  proper  development  of  others. 
As  stated  before,  if  the  conditions  in  this  wheat  soil  at  Clifton  are 
normal  and  necessary  conditions  for  the  growth  of  wheat,  which  can 
not  be  doubted,  then  this  inability  of  the  light  truck  land  to  main- 
tain a  more  abundant  water  supply,  while  distinctly  favorable  to  the 
early  ripening  of  truck,  is  a  controlling  factor  in  the  economical 
production  of  wheat,  and  this  relation  of  the  soil  to  moisture  becomes 
as^  potent  a  factor  as  a  controlling  cause  in  the  local  distribution  of 
crops  as  temperature  is  in  the  general  distribution  of  plants. 

In  the  arrangement  and  classification  of  the  samples  of  soil  w^hich 
have  been  obtained  in  Maryland,  it  appears  that  the  staple  crops  are 
distributed  according  to  the  amount  of  clay  and  the  approximate 
number  of  gratns  per  gram  contained  in  the  subsoil,  if  the  subsoil 
is  of  sufficient  depth  to  regulate  the  drainage  and  to  give  character 
to  the  land,  and  if  the  grains  can  be  assumed  to  have  a  mean  sym- 
metrical arrangement,  as  in  most  of  our  great  soil  formations.  It 
appears  that  our  staple  crops  are  distributed  according  to  the  follow- 
ing percentage  of  clay  in  the  subsoil,  which,  as  has  been  shown, 
largely  determines  the  texture  of  the  soil  and  the  relation  of  the  soil 
to  moisture :  Barrens,  less  than  4  per  cent. ;  early  truck,  4-10  per 
cent. ;  tobacco,  14-18  per  cent. ;  wheat,  18-50  per  cent. ;  grass,  25-50 
per  cent.  This  applies  of  course  only  to  the  meteorological  condi- 
tions which  prevail  in  this  State  and  when  the  grains  are  assumed  to 
have  the  same  symmetrical  arrangement. 

THE  EARLY  TRUCK  LANDS  OF  SOUTHERN  MARYLAND. 

There  is  a  narrow  strip  of  coarse,  sandy  soils  bordering  the  Chesa- 
peake Bay  from  Baltimore  down  to  South  River,  entirely  devoted  to 
the  production  of  early  truck  and  vegetables  for  the  Baltimore  and 
the  larger  northern  markets.  This  same  character  of  soil  is  found 
along  the  coast  as  far  south  as  Florida,  and  on  all  of  it  truck  is  raised, 
but  it  is  only  of  the  small  area  between  Baltimore  and  Annapolis  that 
these  remarks  have  special  reference. 

The  coarse,  sandy  soils  and  subsoils  of  the  early  truck  lands  between 
Baltimore  and  Annapolis  contain  from  4  to  10  per  cent,  of  clay. 
Other  things  being  equal,  the  lighter  the  soil  and  the  less  clay  it  con- 
tains the  earlier  the  crop.  Soils  having  over  7  per  cent,  of  clay  are 
rather  heavy  for  the  earliest  truck,  but  are  well  suited  to  tomatoes^ 
cabbages,  small  fruits,  and  peaches.  Greologically  these  light  soils 
belong  to  the  Columbia  terrace  formation,  although  there  are  good 
truck  lands  in  this  area  on  the  Eocene  soils  which  contain  not  over 
8  or  10  per  cent  of  clay  and  are  excellent  for  peaches  and  the  heavier 
truck.    A  large  part  of  this  area  is  lying  out  as  a  barren  and  unpro- 
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ductive  waste  for  lack  of  proper  facilities  for  transportation.  This 
matter  of  cheap  and  quick  transportation  is  so  great  a  factor  in  the 
tracking  interest,  owing  to  the  bulky  and  perishable  nature  of  the 
market  truck  and  small  fruits,  that  lands  directly  on  the  water  courses 
have  a  value  many  times  greater  than  similar  lands  situated  only  a 
mile  or  two  from  the  river. 

Peas,  tomatoes,  cabbage,  sweet  potatoes,  watermelons,  canteloupes, 
strawberries,  raspberries,  and  peaches  may  be  grown,  and  are  grown, 
with  more  or  less  success  on  nearly  all  kinds  of  soil.    But  this  area 
of  coarse,  sandy  land  in  southern  Maryland  will  produce  these  crops 
at  least  a  week  or  ten  days  earlier  than  the  far  heavier  wheat  and 
grass  lands  in  other  parts  of  the  state.    This  puts  the  truck  into  the 
Baltimore  and  northern  markets  much  earlier  than  it  can  be  produced 
on  the  heavier  soils  of  the  state,  and  insures  the  early  truck  farmers 
from  competition  from  the  state  at  large,  and  they  get  very  fair  prices, 
as  their  crops  are  sold  before  the  market  prices  fall  with  the  glut  of 
summer  vegetables.    It  requires  a  very  heavy  outlay  for  manuring 
and  for  labor  in  the  trucking  business,  and  everything  depends  upon 
their  getting  their  crop  to  market  at  the  earliest  possible  date  to  take 
advantage  of  the  high  prices,  and  no  pains  or  expense  is  spared  to 
force  the  maturity  of  the  plant  and  hasten  the  ripening  of  the  crop. 
The  early  truck  lands  are  much  too  light  for  the  profitable  produc- 
tion of  wheat  or  corn,  or  of  any  of  the  staple  crops  whose  period  of 
growth  extends  into  or  through  the  summer  months,  not  because  the 
soils  are  deficient  in  plant  food,  but  because  the  soils  are  so  coarse  and 
open  in  texture  that  they  are  unable  to  maintain  a  suflBlcient  water 
supply  for  these  crops  during  the  hot  spells  which  are  liable  to  occur. 
It  is  not  that  these  light,  sandy  lands  produce  as  much  yield  per  acre 
of  the  different  kinds  of  market  truck  as  the  heavier  lands  that  they 
are  utilized  for  trucking,  but  that  they  ripen  the  crops  earlier  and  so 
get  advantage  of  the  higher  prices.     There  are,  therefore,  peculiar 
conditions  desired  in  an  early  truck  land,  just  the  opposite  conditions, 
indeed,  from  those  required  for  a  good  grass  or  wheat  soil.    The  soil, 
or  rather  subsoil,  of  the  truck  lands  should  be  very  light  in  texture, 
containing  not  over  10  per  cent,  of  clay,  and  for  the  very  earliest 
truck  not  over  6  per  cent.    If  they  have  more  than  this,  the  soil  is 
too  retentive  of  moisture,  and  the  growing  period  is  prolonged  and 
the  ripening  of  the  crop  is  delayed.     In  the  truck  land  with  less  than 
6  per  cent  of  clay,  the  soil  is  drier  and  probably  cooler,  and  these  are 
conditions  which  would  hasten  the  maturity  of  the  crop. 

Other  things  being  equal,  the  more  clay  a  soil  contains  the  more 
retentive  of  moisture  it  will  be,  and  the  greater  the  amount  of  mois- 
ture which  would  be  maintained  in  the  soil  for  the  crop.  The  fine 
particles  of  clay  not  only  make  the  spaces  within  the  soil  exceedingly 
small,  so  that  the  rainfall  must  pass  downward  very  slowly  through 
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the  soil,  but  by  increasing  the  area  of  the  water-surface  it  increases 
the  power  the  soil  has  of  drawing  water  to  the  plant  to  supply  the  loss 
from  evaporation  and  to  replace  that  which  has  been  used  by  the 
plant.  In  a  heavy  clay  soil  this  supply  of  water  may  be  so  abundant 
as  to  prolong  the  growth  of  the  plant  and  increase  the  size  and  yield 
per  acre,  but  may  greatly  retard  the  ripening  of  the  crop. 

The  average  yield  of  wheat  in  Washington  county  is  given  by  the 
census  as  18  bushels  per  acre,  and  this  is  principally  from  a  limestone 
soil  having  over  40  per  cent,  of  clay.  Wheat  can  not  be  economically 
produced  on  the  light  truck  lands.  It  is  not  that  the  soils  of  Wash- 
ington county  contain  necessarily  more  plant  food  than  the  truck 
lands  of  southern  Maryland,  but  that  having  more  clay  the  soils  are 
stiffer  and  more  retentive  of  moisture,  and  they  can  maintain  a  more 
abundant  supply  of  water  for  the  crop. 

These  limestone  soils  are  too  retentive  of  moisture  for  early  truck. 
In  an  average  season  they  would  maintain  such  an  abundant  supply 
of  water  that,  although  large  crops  would  be  assured,  the  crops  would 
be  late  in  coming  to  maturity,  and  would  come  into  competition  with 
crops  from  all  parts  of  the  state.  The  light  character  of  the  land, 
therefore,  gives  the  early  truck  planter  a  monopoly  of  the  market. 

The  mechanical  analyses  of  the  subsoils  from  a  number  of  localities 
will  be  given,  with  the  surface  area  and  the  approximate  number  of 
grains  per  gram,  with  such  notes  as  may  be  necessary  on  the  agri- 
cultural value  of  these  lands. 

Mechanic€U  analyses  of  truck  subsoils  from  southern  Maryland, 

MARLEY  NECK. 


Diameter. 


Conventional  names. 


471. 


Marley 
P.O. 


tfun, 
a-i 
x-5 
•5-35 
.aS-'X 
.1-05 
.05-.  ox 
.01-.  005 
•  00$-.  ooox 


Fine  gravel  ... 
Coarse  sand... 
Medium  sand . 

Fine  sand 

Very  fine  sand 

Silt 

Fine  silt 

Clay 


0.38 

5-43 

41-45 

26.73 

12.40 

7.23 

2.31 
4.07 


Total 

Organic  matter,  water,  loss, 


99.84 
0.16 


472. 


Marley 
P.O. 


0.49 

4.96 

40.19 

27-59 
12.10 

7-74 
3.33 
4.40 


99.70 
0.30 


591- 


469. 


I  mile 

north  of 

Marley 

P.O. 


Glen- 
burnie. 


0-39 

5-52 

36.53 
24.91 


ii< 

9 
4 
5 


89 

51 
41 


3-47 

13.05 

44.06 

18.03 

9-59 

5-73 

1-37 

5.46 


98.95 
1.05 


99-75 
0.25 


473. 


Albert 
Ham- 
mond. 


0.44 
6.46 

36.73 
19-54 
10.28 

13-42 
5-61 

7- '4 


99.6a 
0.38 


590- 


2  miles 

north  of 

Marley 

P.O. 


0.9X 

28.73 
22. 8x 

13-44 

14.77 
4.29 

9.16 


99-56 
0-44 


No. 


471 
472 

469 
473 
590 


Locality. 


Marley  P.O 

do 

1  mile  north  of  Marley  P.  O. 

Olenburnie 

Albert  Hammond 

2  miles  north  of  Marley  P.  O 


Clay. 

Sarfiu:e 
area. 

JPereent. 

Sq.  em. 

4.07 

583 

4.40 

615 

5-41 

796 

5-46 

654 

7.14 

987 

9.16 

1.173 

Approximate 

number 

of  grains  per 

gram. 


1,809,000,000 
1,955,000,000 

2,45o»oa>>«» 
2, 406, 000, 000 

^215,000,000 

4*078,000,000 
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Meehanicdl  ancdyaes  of  truck  subsoils  Jrom  southern  Maryland* 

TICK  NECK. 


Diameter. 


Conventional  names. 


mm. 
a-i 
1-5 
•5-25 
.as-.  I 

.I-.Q5 
.05-.  01 

.01-. 005 

•005-. 0001 


Fine  gravel.... 
Coarse  sand  . . . 
Medium  sand  . 
Fine  sand  . . . . , 
Very  fine  sand. 

Silt 

Fine  silt 

Clay 


To*a1  .... 
Oijganic  matter,  water,  loss 


585- 

583. 

lii  miles 

Sandy  land. 

northeast 
of 

Armigers. 

0.45 

0.28 

10.33 

6.09 

46.29 

39-48 

20.15 

23.00 

8.17 

14.69 

7.11 

8.46 

2.39 

2.48 

4-77 

5- 01 

99.76 

99-45 

0.34 

0.55 

587- 


Loam. 


6.06 

23.09 

29.87 

9.82 

6.53 

10.71 

3-86 

7.89 


96.83 
3- 18 


Ko. 


Soil. 


Clay. 


Sur&ce 
area. 


^5 


I  F!dr  cent. 

Sandyland « '  4.77 

i)i  miles  northeast  of  Armigers '  5,01 

Loam 7.89 


Sq.  em. 
629 

673 
987 


Approximate 

namber 

of  grains  per 

gram. 


3,121,000,000 
2, 185, 000, 000 
3,621,000,000 


The  soils  from  Marley  Neck,  having  less  than  6  per  cent,  of  clay,  as 
shown  by  the  table,  are  considered  very  typical  early  truck  lands. 
473  is  from  a  ridge  of  rather  heavier  land,  having  7.14  per  cent,  of 
clay.     The  land  where  this  sample  was  taken  is  considered  rather 
heavy  for  the  very  early  truck,  but  is  excellent  land  for  small  fruits. 
The  same  may  be  said  of  590,  although  less  is  known  of  this  sample. 
On  Tick  Neck,  also,  we  find  that  the  very  earliest  truck  lands  have 
lees  than  6  per  cent,  of  clay.     The  sample  of  loam,  587,  was  taken  far 
down  on  the  point,  in  what  is  considered  the  garden  spot  of  the  truck 
area.    There  is  a  narrow  strip  of  this  loam  soil  extending  along  the 
bay  shore  and  covering  the  points  of  these  river  necks.    This  strip  is 
from  one-half  a  mile  to  a  mile  wide,  and  contains  considerable  gravel 
in  the  subsoil  about  2  feet  below  the  surface.     There  are  only  small 
areas  of  the  lighter  sandy  land  containing  less  than  6  per  cent,  of 
clay.    By  reason  of  the  location  on  the  bay  shore,  with  rivers  and 
creeks  making  up  ift  all  directions  into  the  farms,  the  climatic  condi- 
tions are  peculiarly  mild  and  the  truck  planters  are  insured  against 
frost.     They  can  plant  earlier  so  that  these  loam  soils  are  as  early,  or 
earlier,  than  the  light  lands  further  up  the  river  necks,  represented 
by  the  other  two  samples  in   the   table,  although  it  is  recognized 
by  the   truck    planters    that    the   period   of    growth  is    somewhat 
longer,  and  under  exactly  the  same  climatic  conditions  the  crops 
would  be  later  in  coming  to  maturity  on  this  loam  soil  than  on 
the  lighter  sandy  lands.     It  is,  of  course,  a  distinct  advantage,  how- 
ever, to  have  both  the  heavier  soil,  which  will  produce  more  crop  per 
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acre,  and  the  favorable  Bituation  nearly  surrounded  by  water  to  insure 
against  frost  and  to  allow  the  crops  to  be  planted  earlier. 

Mechanical  analyses  of  truck  subsoils  from  southern  Maryland, 

ROCK  POINT. 


mm, 

2-1 

1-.5 

•5-25 

•  25-.  I 

•  I-.  05 

.05-.  01 

.01-. 005 

. 005-. 0001 


Fine  gravel ... 
Coarse  sand... 
Medium  sand 
Fine  sand  .... 
Very  fine  sand 

Silt 

Fine  silt 

Clay 

Total..;. 
Organic  matter,  water,  loss 


iimile 
Jas.  Meek. ,   north  of 
McCubbii 


0.09 

2.31 

31-18 

25-49 
16.02 

12.8^ 
t.82 

•33 


I 


4- 8s 

27-4^ 
16.36 
12.51 
22.39 
5-Q3 

XO.  12 


99.00 

x.oo 


99-39 
0.71 


No. 


579 
581 


Locality. 


Clay. 


Surfiice 
area. 


James  Meek 

)i  mile  north  of  McCubbins, 


Per  cent 

6-33 
10.12 


S^,  cm, 
886 
i»348 


Approximate 

number 

of  grains  per 

gram. 


2,8^000,000 
4,471,000,000 


The  two  samples  from  Rock  Point  contain  rather  more  clay  than 
from  the  other  localities,  but  very  little  is  known  of  the  agricultural 
features  of  these  soils.  581  came  from  a  ridge,  and  would  be  re* 
garded  as  a  decidedly  heavier  soil  than  579,  and  better  suited  to 
small  fruit. 

MecJianical  analyses  of  trtu:k  subsoils  from  southern  Maryland. 

NORTH  MAGOTHT  NECK. 


Diameter. 


ffim, 
2-1 
1-.5 
•5-- 25 
.25-. I 
.1-.05 
.05-.  01 
.01-. 005 
oos-.oooi 


Conventional  names. 


Fine  gravel 

Coarse  sand 

Medium  sand 

Fine  sand 

Very  fine  sand 

Silt 

Fine  silt 


Total 

Organic  matter,  water,  loss. 


561  • 


00 


0.74 

7-13 
36-21 
22.82 

14-15 
9.26 

4.68 
4.71 


99.70 
0.30 


563- 


bO 
S 

< 


0.391 

7- 04; 
37-51! 
21.45 
13-45 
10.72, 

3-72, 
5- 41 1 


99.69' 
o-3»i 


565. 

567. 

577. 

V. 

V. 

0 

0 

*» 

•«*    . 

s  ^ 

B  hi 

•  0 

9  «> 

• 

>  60 

^  V 

M 

•pi« 

0 

•i 

S 

a< 

^< 

• 

B 

B 

S 

M 

M 

• 
•-9 

2.12 

2.46 

1-52 

8.81 
31-35 

13-32 
39-83 

29.  £ 

22.82 

14.14 

23-77 

16.76 

9-34 

10.36 

10.19 

10.17 

17.16 

2.08 

l:P 

3-83 

5-47 

8.01 

99-5" 

98.91 

99-03 

0.50 

1.09 

0.97 

589. 


o 

«s 

o  u 
:z< 

S 


2.33 
16.08 


26 


575.         571. 


569.     '    573. 


§ 
o 

o 

o 

•-9 


1.26 
8.91 
33.061    47.84! 

10. 18  6. 29, 

4.71I  6.29 

13.14;  15-08 

3-58I  5-76 

8.291  8.33 


0.34     0.87 

2.97,    5.82 

2i.i8|  a6.22 

i8-i9i  17-55 


102.391 


99.92 
0.08 


17.17 

21.05 

9-57 

8-39 


16.34 
16.33 

8.52 


98.86 
Z.14 


99.10 
0.90 


^B 

■sl 


3.67 

Ii.q2 

29.99 

6.35 

5-56 
21. 9X 

6.21 
12.84 


98.45 
1-55 
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Mechanical  analyses — Continued. 


No. 


Locality. 


561 

567 
577 


575 

571 

573 


Armiger 

2  miles  west  of  Armiffer  . . 
I  mile  west  of  Armiger ... 
J.M.Cook 

3  miles  norlh  of  Armiger  . 

J.  M.  Cook,  loam 

Dr.  E.  Williams,  loam  .... 

do 

J.  M.  Cook,  grareliy  loam 


Per 


atf 

Surfiioe 

ay. 

area. 

eenU 

S<i»  cn^ 

4-71 

727 

5-41 

769 

5-47 

721 

6.36 

824 

8.  ox 

1,060 

8.29 

961 

8.33 

1,10a 

8-39 

If  296 

8.52 
12.84 

1,204 

1,562 

Approximate 

number 

of  grains  per 

gram. 


2, 137. 
2,427. 
2,429, 
2,856, 

3.596. 
3.587. 
3.676, 
3.862, 
3.869, 
&779. 


000,000 
000,000 

Q00,000 

000,000 
000,000 

000,000 

000,000 

000,000 
000,000 

000,000 


Of  the  samples  collected  on  North  Magothy  Neck,  the  first  four  are 
typical  early  truck  lands.  They  are  very  coarse,  sandy  soils,  and  in 
their  natural  condition  they  are  little  more  than  barren  wastes. 
Under  the  peculiar  and  intense  conditions  of  manuring  and  cultiva- 
tion, however,  they  are  admirably  adapted  to  early  truck  and  they  are 
classed  as  the  very  earliest  truck  lands  of  the  locality.  569  and  571 
are  of  a  loam  soil  from  a  ridge,  similar  to  the  ridge  on  Marley  Neck 
where  sample  573  was  secured.  Off  of  this  ridge  and  down  near  the 
Magothy  River,  but  on  the  same  farm,  the  light  lands  prevail,  contain- 
ing not  over  5  per  cent,  of  clay  in  the  subsoil.  Dr.  Williams  stated  that 
these  light  lands  were  his  earliest  truck  soils,  and  that  tomatoes,  for 
example,  will  ripen  at  least  a  week  earlier  on  the  light  lands  than  on 
the  loam  soil.  Tomatoes  and  cabbages  do  better  and  yield  more  per 
acre  on  the  loam  soil,  but  they  are  not  so  early  and,  consequently,  do 
not  bring  as  good  prices  as  the  crops  from  the  lighter  soils.  Time  is 
everything  to  the  early  truck  planter,  and  these  light  lands  have 
some  peculiar  property  which  adapts  them  to  this  early  truck  and 
matures  the  crop  earlier  than  on  any  other  soils  of  the  state.  The 
loam  soils  are  much  better  adapted  to  small  fruits  and  peaches  than 
the  very  light  lands. 

At  the  extreme  end  of  Magothy  Neck  there  are  the  same  loam  soils 
referred  to  in  speaking  of  the  soils  of  Tick  Neck,  of  which  573  is  con- 
sidered a  representative  sample  from  this  locality.  There  is  consider- 
able gravel  in  the  subsoil  about  2  feet  below  the  surface.  575  and  577 
are  from  lighter  lands  on  the  upper  part  of  the  same  farm.  These 
lighter  soils  are  earlier  than  the  heavier  loam,  but,  by  reason  of  the 
locality  right  on  the  bay  shore  and  with  rivers  and  creeks  making  up 
into  the  farm  in  all  directions,  this  loam  soil  (573)  is  considered 
earlier  than  the  loam  soils  at  Dr.  Williams,  and  probably  as  early  as 
the  lighter  truck  lands  at  Armiger.  It  is  considered  excellent  for 
peaches  and  for  truck,  as  it  produces  more  per  acre  than  the  light 
lands,  and,  by  reason  of  the  location  near  the  bay  shore,  the  crop  can 
be  planted  earlier  and  so  will  mature  earlier  than  on  even  lighter 
lands  further  up  the  river  neck. 
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Mechanical  analyses  of  truck  subsoils  from  southern  Maryland. 

SOUTH  PATAP3C0  NECK. 


Diameter. 


Conventional  names. 


mm. 

2-1 

1-5 

•5- 
•25- 

.1-. 
.05-. CI 
.01-. 005 

.005- '0001 


25 

I 

05 


Fine  gravel  ... 
Coarse  sand . . . 
Medium  sand. 

Fine  sand 

Very  fine  sand 

Silt 

Fine  silt 

Clay  .: 


Total 

Organic  matter,  water,  Iohs, 


467. 


Shipley. 


476. 


Furnace 
Branch. 


0.76 

8.55 
35- <H 
19*36 

8.42 
11.38 

4-«3 
10-59 


98-13 
1.87 


•2.80 
8.36 

2C>.  IX 
10.72 
10.15 

17.98 

8.76 
11-60 


96,48 

3-52 


Mo. 


467 
476 


Locality. 


Shipley 

Furnace  Branch 


Clay. 


JPsr  ctnt. 
10.59 
11.60 


Snr&ce 
area. 


Sq.  em, 
I1244 
1.549 


Approximate 

number 

of  grains  per 

gram. 


4, 767, 000, 000 
5,386,ooo»ooo 


*  Including  i.oB  per  cent,  larger  than  2  millimeters. 

The  two  samples  from  South  Patapsco  Neck  show  a  larger  percent- 
age of  clay  than  the  lighter  truck  lands,  and  these  soils  are  recog- 
nized as  heavier  lands  and  rather  later  than  the  early  truck  lands 
of  Marley  and  Magothy.  It  is  a  great  truck  region,  however,  because 
it  is  adjacent  to  Baltimore,  and  the  truck  and  vegetables  can  be  taken 
to  market  by  wagon  at  very  much  less  expense  and  in  better  con- 
dition than  if  they  were  sent  by  boat  or  rail.  These  lands,  also,  can 
be  depended  upon  for  a  constant  supply  of  truck  throughout  the 
season,  and  while  they  come  in  competition  more  with  truck  from 
other  parts  of  the  state,  still  they  have  the  advantage  of  more  direct 
communication  with  the  markets.  Many  of  the  truckers  from  this 
locality  sell  their  products  directly,  without  the  intervention  of 
middlemen  or  agents. 

Mechanical  analyses  of  truck  lands  from  southern  Maryland. 


Diameter. 


mm. 
2-1 

1-5      . 
•5-25 
.25-.  I 
.1-.05 
.05-.  01 
.01-.  005 
.005-. 0001 


Conventional  names. 


Fine  gravel.... 
Coarse  sand... 
Medium  sand  . 
Fine. sand  ..... 
Very  fine  sand, 

Silt 

Fine  silt 

Clay 


Total 

Organic  matter,  water,  loss 


270. 

268. 

South 

River    . 

J.  Birch. 

Neck. 

0.32 
5-81 

O.Oi 

1.97 

40.63 

28.64 

28.93 

39-68 

9-44 

"•43 

4.60 

4.95 

2.04 

2.02 

7-63 

8.79 

99.46 

97-52 

0-54 

2.48 

145- 


Patuxent 
River. 


1.78 
7.63 

38-35 
21.80 

6.87 

11.73 
2.48 
7.92 


98.56 
1-44 
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Mechanical  antilyses — Continued. 


No. 


Locality. 


370    Soath  RiTer  . . . . 

a6A     J.  Hiroh 

145    Pttiazent  River 


Clay. 

Snr&ce 
area. 

Per  cent. 

7-63 
8.79 

7.92 

Sq.  an. 

903 
1.007 

955 

Approximate 

namber 

of  grains  per 

gram. 


3,450,000,000 
3.955»«>o,ooo 
3»  549i  ooo»  coo 


The  two  soils  from  South  River  Neck,  represented  in  the  table,  are 
excellent  truck  lands  and  are  particularly  well  adapted  to  peaches. 
The  same  may  be  said  in  a  general  way  of  the  Patuxent  River  soils, 
but  owing  to  the  difficulty  of  transportation  the  soils  represented  by 
145  have  not  been  much  improved. 

These  truck  lands  appear  to  be  remarkably  uniform  in  texture,  and 
the  slight  differences,  which  appear  in  the  percentage  of  clay  and  in 
the  approximate  number  of  grains  per  gram,  are  very  sharply  de- 
fined in  the  agricultural  value  and  importance  of  the  land.  The 
soils  having  the  lowest  percentage  of  clay  and  the  least  number  of 
grains  per  gram  are,  with  the  exception  of  those  directly  on  the  bay 
shore  at  the  end  of  the  river  necks,  invariably  regarded  as  the  earliest 
truck  lands,  and  one  can  readily  tell  from  the  general  appearance 
and  texture  of  the  soil  to  what  class  of  lands  the  sample  belongs. 
The  light  soils  mature  the  crop  earlier,  but  the  heavier  loam  soils 
produce  a  larger  yield  per  acre  and  generally  a  better  development, 
and  would  be  considered  naturally  stronger  soils. 

These  soils  are  all  too  light  for  the  profitable  production  of  the 
staple  crops,  as  the  yield  per  acre  would  be  extremely  small  and  they 
could  not  compete  with  the  stronger  and  heavier  soils  from  other 
parts  of  the  state  and  of  the  country.  Their  peculiar  value  lies  in 
the  fact  that  they  can  produce,  during  the  spring  and  early  summer, 
small  fruits  and  vegetables  earlier  than  they  can  be  produced  in 
other  parts  of  the  state,  so  that  they  have  the  advantage  of  good 
market  prices.  The  reason  for  this  is  undoubtedly  due  to  the  physi- 
cal structure  of  these  soils,  especially  to  the  relation  of  the  soils  to 
water.  It  cannot  be  due  directly  to  the  amount  of  available  plant 
food  they  contain,  for  no  addition  of  mere  plant  food  would  make 
these  soils  as  strong  and  productive  as  a  limestone  soil,  unless  the 
whole  texture  of  the  land  was  changed. 

It  has  been  .shown  in  a  diagram,  page  53,  that  these  light  sandy 
soils  can  maintain,  on  an  average,  not  more  than  5  or  6  per  cent,  of 
water,  and  it  has  been  shown  that  a  good  wheat  land  must  maintain 
not  less  than  12  or  15  per  cent,  of  water,  and  probably  a  good  strong 
grass  land  should  be  able  to  maintain  much  more  than  this.  These 
moisture  determinations  were  made  at  Marley,  near  where  samples 
471  and  472  were  taken. 
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A  determination  was  made  of  the  actual  rate  of  movement  of  water 
through  the  subsoil  in  its  natural  position  in  the  field,  on  Tick  Neck, 
near  where  sample  583  was  taken.  The  subsoil  contains  37.29  per 
cent,  of  empty  space  and  it  took  3  minutes  and  15  seconds  for  one 
inch  in  depth  of  water  to  pass  through  3  inches  in  depth  of  subsoil, 
with  an  initial  pressure  of  2  inches  in  depth  of  water. 

A  determination  was  made  of  the  rate  of  flow  through  the  saturated 
soil  at  Armiger  (563).  The  subsoil  contained  41.25  per  cent,  of 
empty  space  and  it  took  2  minutes  and  30  seconds  for  one  inch  in 
depth  of  water  to  pass  through  3  inches  in  depth  of  subsoil,  with  an 
initial  pressure  of  2  inches  of  water. 

A  determination  was  made  of  the  rate  of  flow  through  the  saturated 
subsoil  at  Marley,  near  where  samples  471  and  472  were  taken.  The 
subsoil  contained  55.77  per  cent,  by  volume  of  empty  space ;  more 
than  the  samples  from  the  other  localities.  An  inch  in  depth  of  water 
passed  through  3  inches  in  depth  of  the  saturated  subsoil  in  1  minute 
and  30  seconds,  under  an  initial  pressure  of  2  inches  of  water.  In  the 
wheat  lands,  as  we  will  see  later,  the  actual  time  required  for  an  inch 
in  depth  of  water  to  pass  through  3  inches  in  depth  of  subsoil  is  very 
much  longer  than  this,  (43  minutes  and  over). 

Stable  manure  is  considered  the  very  best  fertilizer  for  these  truck 
lands,  and  where  this  can  be  secured  it  is  applied  to  the  lands  in  large 
quantities.  Lime  is  also  largely  used,  but  there  must  be  sufficient 
organic  matter  in  the  soil  for  the  lime  to  act  on  or  it  will  "  burn  out " 
the  land.  Both  the  stable  manure  and  lime,  as  we  fihall  see  later, 
would  tend  to  make  these  soils  more  retentive  of  moisture,  but  the 
soils  are  so  coarse  and  open  in  texture  that  large  quantities  of  manure 
may  be  applied  without  fear  of  clogging  the  soil,  and  the  effect  of 
such  manuring  would  be  felt  but  a  short  time. 

TOBACCO   AND   WHEAT   LANDS   OF    SOUTHERN   MARYLAND. 

Tobacco  and  wheat  have  been  staple  crops  in  southern  Maryland 
for  many  years.  A  grade  of  tobacco  was  produced  there  well  adapted 
to  the  French  and  German  markets,  and  large  orders  were  placed  with 
the  Baltimore  merchants  for  both  of  these  countries. 

It  is  claimed  now  that  the  lands  have  deteriorated  from  the  con- 
tinued cultivation  of  tobacco,  and  the  quality  of  the  tobacco  is  not  so 
good  as  it  was  only  a  few  years  ago.  Good  prices  may  still  be  ob- 
tained for  a  good  quality  of  leaf,  but  the  prevailing  .prices  are  very 
low,  as  there  is  little  market  for  the  quality  of  tobacco  generally  pro- 
duced. 

It  is  claimed  that  the  deterioration  of  these  tobacco  lands  is  largely 
due  to  lack  of  proper  cultivation,  owing  to  the  scarcity  and  high  price 
of  labor,  and  to  the  lack  of  proper  fertilization. 

The  wheat  lands  of  southern  Maryland,  as  stated  in  a  previous  sec- 
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tion,  are  lighter  in  texture  than  the  wheat  and  grass  lands  of  northern 
and  western  Maryland,  and  the  average  yield  per  acre  is  much  less. 
It  is  claimed  that  these  wheat  lands  have  deteriorated  within  recent 
years  for  lack  of  proper  preparation  and  treatment  of  the  land,  due  to 
the  scarcity  and  high  price  of  labor,  to  the  low  price  of  wheat,  and  to 
the  fact  that  much  of  the  land  has  been  heavily  mortgaged  for  the 
past  twenty-five  years. 

It  used  to  be  the  rule  to  apply  lime  every  five  years,  and  to  depend 
on  this  and  clover  to  keep  up  the  land,  but  this  rule  is  being  neg- 
lected. Lime  is  applied  more  rarely,  as  there  is  little  money  to  spend 
on  fertilization,  and  the  lands  are  becoming  clover-sick. 

This  deterioration  of  the  lands  can  not  be  due  solely  to  loss  of 
plant  food,  for  the  deterioration  is  accompanied  by  a  marked  change 
in  the  texture  and  appearance  of  the  land,  which  is  very  apparent  to 
the  eye.    There  is  the  greatest  possible  difference  in  the  appearance 
of  a  well  kept  field  and  of  a  soil  which  has  deteriorated.     Some  very 
interesting  problems  are  presented  in  the  changes  which  evidently 
occur  in  the  texture  of  these  lands  in  the  deterioration  of  soils,  or  in 
the  improvement  of  such  as  have  been  once  worn  out  and  abandoned. 
The  wheat  soils  of  southern  Maryland  appear  to  be  confined  prin- 
cipally to  the  Neocene  formation,  and  to  the  terraces  bordering  the 
rivers  in  the  lower  part  of  the  peninsula,  which  are  classed  with  the 
Columbia  terrace  formation,  although  the  soil  is  very  different  from 
the  light,  sandy,  truck  lands  of  the  Columbia  formation  bordering  the 
bay.    Tobacco  is  produced  on  both  of  these  formations,  and  also  on 
the  Eocene  soils.     By  far  the  largest  and  most  important  area  of  the 
wheat  and  tobacco  lands,  however,  is  in  the  Neocene  formation,  and  it 
is  those  lands  which  will  be  considered  here. 

Wheat  and  tobacco  are  commonly  grown  on  the  same  land,  in  rota- 
tion periods  of  two  or  three  years.  The  best  lands  for  wheat,  how- 
ever, are  the  heaviest  clay  lands,  while  the  finest  quality  of  tobacco 
is  produced  on  the  lighter  loams.  The  heavy  clay  lands  produce  a 
larger  yield  of  tobacco  per  acre,  but  the  plant  has  a  coarse,  thick  leaf, 
which  is  sappy,  and  which  cures  green  and  will  not  take  on  color. 
The  finest  grade  of  tobacco  is  produced  on  the  lighter  loam  soils,  which 
are  rather  too  light  for  the  profitable  production  of  wheat.  The  to- 
bacco produces  a  small  yield  per  acre  on  these  soils,  but  the  leaf  has 
a  fine  texture,  and  in  curing  it  takes  on  a  good  color  and  brings  a 
much  better  price  in  the  market.  As  a  rule,  the  lighter  the  soil  in 
texture  the  finer  the  quality  of  tobacco  produced  and  the  higher  price 
it  will  bring  per  pound,  but  the  less  yield  there  will  be  per  acre,  so 
that  there  is  a  limit  in  the  profitable  production  of  the  very  finest 
grades  on  the  very  lightest  lands,  as  the  price  is  not  sufficient  to  cover 
the  small  yield  per  acre. 
The  accompanying  table  gives  the  mechanical  analyses  of  the  sub- 
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soils  of  tobacco  lands  from  a  number  of  localities  in  southern  Mary- 
land: 

Mechanical  ancdyses  of  subsoils  from  southern  Maryland,  rather  light  for  wheat  hut 

the  finest  tobacco  lands. 


Diameter. 


Conventional  names. 


2-1 

1-5 

•5-- 25 

.25— » 
•I-. 05 

.05-. 01 

.01. -.005 

.005-. 0001 


Gravel 

Coarse  sand . . . . 
Medium  sand.. 

Fine  sand 

Very  fine  sand. 

Silt 

Fine  silt 

Clay .-. 


I  Total 

Organic  matter,  water,  loss 


266. 


I 

1 


258. 


Chaney-      Marl- 
ville.     borough. 


164. 


North 
Keys. 


I. 
2. 

II. 

19. 
17- 

5- 
10. 


40 
9i 
23 
42 
32 
59 
44 
72 


1-53 

5-67 

13.25 

8.39 

14-95 

28.86 

7.84 

14-55 


0.58 
0.50 

1-35 
10.65 

37-71 

22.00 

7.81 

16.02 


260. 


263. 


Notting- 
ham. 


Chaney- 
ville. 


l6(2. 


0.48 

3-05 
12.06 
12.09 
19.17 
23.09 

8.74 
18.42 


0.00 

0.07 

1-56 

13-51 

37-73 

18.83 

6.18 

18.79 


Marl, 
borough. 


0.09 

0.13 

0.58 

4.90 

26.78 

33- 12 

8.24 

21.81 


97.06 
2.94 


95-04 
4.96 


96.72 
3-28 


97.12 
2.88 


96.67 
3-33 


95-65 
4-33 


No. 


Locality. 


366 

258 
164 
260 
363 
162 


Chaneyville 

Upper  Marlborough 

North  Keys 

Nottingham 

Chaneyville 

Upper  Marlborough 


Clay. 

Surfooe 
area. 

Per  cent. 

Sq.  em. 

I0.72 

1.370 

14-55 

1,902 

16.02 

2,016 

18.42 

2, 126 

18.79 
21.81 

2,197 

2,638 

Approximate 

number 

of  grains  per 

gram. 


4,891,000,000 
6, 7S6, 000,  ooo 
7» 338. 000, 000 
8, 263, 000, 000 
8,530,000,000 
10,065,000,000 


The  finest  quality  of  tobacco  is  produced  on  the  soils  shown  to  have 
the  smallest  amount  of  clay  and  the  smallest  number  of  grains  per 
gram  in  this  table,  while  the  heavier  soils  are  much  better  for  wheat 
and  give  a  larger  yield  of  tobacco  per  acre,  but  the  quality  of  the  to- 
bacco is  not  so  good,  and  it  does  not  bring  us  good  a  market  price. 
With  the  exception  of  162,  none  of  these  soils  would  be  considered 
very  good  wheat  lands  with  the  ordinary  conditions  of  cultivation  and 
manuring.  They  would  be  considered  rather  too  light  for  the  eco- 
nomical production  of  wheat.  These  lands  are  valued  for  wheat  in 
proportion  to  the  amount  of  clay  contained  in  the  subsoils,  as  shown 
in  the  table,  but  for  tobacco  the  values  are  just  reversed. 

The  strongest  and  best  wheat  lands  appear  to  be  confined  to  the 
diatomaceous  earth  horizon  of  the  Neocene  formation.  The  white 
diatomaceous  earth  can  be  found  a  few  feet  below  the  surface  at  all, 
or  nearly  all,  the  localities  represented  in  the  accompanying  tables. 
The  yellow  clay  of  the  wheat  land  appears  to  have  been  formed  by 
the  weathering  of  this  earth,  as  in  a  number  of  railroad  cuts  and  river 
bluffs  they  are  seen  to  merge  together,  and  in  all  cases  where  air  has 
had  access  to  the  diatomaceous  earth  through  cracks  and  root  holes, 
a  thin  layer  of  the  yellow  clay  has  been  formed.  Diatoms  are  still 
found  in  most  of  these  samples  of  the  subsoils  of  the  wheat  and  to- 
bacco lands. 
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There  are  two  classes  of  wheat  lands.  On  the  ridges  and  high  pla- 
teaus, where  washing  has  not  occurred  to  any  extent,  the  lands  are 
rather  light  and  loamy,  the  loam  being  usually  from  2  to  4  feet  thick 
and  overlying  the  heavier  clay.  These  lands  are  better  for  corn  than 
the  heavier  lands,  but  are  not  so  good  for  wheat  and  are  too  light 
in  texture  for  grass.  Where  the  underlying  clay  is  exposed,  as  in  the 
gently  rolling  lands,  it  makes  a  much  stronger  and  better  wheat  soil 
and  good  grass  land.  The  accompanying  table  gives  the  mechanical 
analyses  of  the  subsoils  from  a  number  of  localities,  which  represent 
very  fairly  the  wheat  lands  of  southern  Maryland : 

Mechanical  analyses  of  subsoils  of  wheat  lands  from  southern  Maryland. 


Diuneter.  '   Conventional  names. 


I 


a-i 
1-5 

•5r-25 

.25-.  I 
.1-95 
•05-.  01 
•QI-.0QS 


Gravel 

Coarse  sand . . . 
Mediom  sand  . 

Fine  sand 

Very  fine  sand. 

Silt 

Pine  silt 

Clay 


Total..... 
Oigu&ie. matter,  water,  loss 


250. 


248. 


■ 
•-9 


s 

.a 


0.00 

0.07 

0.9B 

12.22 

29-58 
23.19 
10.13 
19.14 


95 


>5-3i 
4.69 


H 

>  h 

a  00 

00 


0.00 

0.22 

2.76 

12.85 

47-13 

I8*89 

4.07 
19.19 


99-" 
0.89 


245- 


■ 

•  8 

:::  a 

•0  IB 


& 


0.82 
0.28 
0-98 

1-74 

52.74 
16.91 

3-35 
19-57 


95.82 
4.18 


180. 


o 

s 

0 


0.00 
0.00 
0.48 
3-06 
50.32 

ao.28 


95.11 
4.89 


155- 


t 

2 

D 


0.00 
0.40 

0-57 
22.64 

30-55 

13-98 

4.08 

21.98 


94.20 
5-80 


246. 


l. 

^  o 
®  ■ 

S 
5«! 


141. 

252- 

•B 

( 

B 

«»  . 

o«j 

«  h 

oS 

zz « 

►  "3) 

« 

p"-" 

Sod 

*            1 

"^tLl 

.a 

►  ^ 

184. 


<s 


£ 


0.00 

0.56 

31-26 

4.62 

30.70 

26.16 

9.44 
22.53 


95-27 

4-73 


0.00 

0.00 

0.23 

X.7I 
6.08 

0.25 

3.39 
10.65 

30.82 
20.92 

II. 21 
23-78 

29-05 

22.45 

6.56 

23.92 

94-75 
5.25 

96.27 
3-73 

9 


00 
9 

£ 


0.00 

0.46 

6.61 

12.19 

9-15 
30-89 
13.22 

24-45 

96.97 
3-03 


No.  I 


Locality. 


ISO  ! 
248 

245 

180 

155' 

246 

141 

3JI 


Cbaneyrille 

DaTidaonville,  P.  H.  lareal , 

Davidsonville , 

Plam  Point , 

Upper  Marlborough 

}i  mile  weat  of  Davidsonville , 

Davidsonville,  loam,  T.  S.  Iglehart 

Sonth  Ri  ver 

Popes  Creek 


Clay. 


Per  emU. 

19.14 
19.19 

19-57 
20.28 
21.98 

22.5' 


Sarfiice 
area. 


22.53 
23-78 
23-92 

24-45 


jS}.  cm. 

2,453 
2,097 

2,214 
2,380 

2,493 
2,732 
2,853 
2,681 

2,847 


Approximate 
number 

of  grains  per 
gram. 


8,918, 

8,452, 

8,917, 

9.357, 
10,228, 

10,456, 
XI,  161, 

10,933, 
11,202, 


000,000 

000|000 
O0O|O0O 
O0O|O0O 
O0O|O0O 
OOOiOOO 

000,000 
000,000 

O0O|O0O 


These  lands  make  fairly  good  wheat  lands,  but  it  is  about  the  limit 
of  profitable  w^heat  production,  and  a  soil  having  less  than  20  per 
cent,  of  clay,  or  approximately  9,000,000,000  grains  per  gram,  is  too 
light  in  texture  and  not  sufl&ciently  retentive  of  moisture  for  the  eco- 
nomical production  of  wheat  under  the  prevailing  climatic  conditions. 
This  represents,  however,  merely  the  skeleton  structure  of  the  soil, 
and  this  could  be  so  filled  in  and  modified  as  to  make  it  more  produc- 
tive, but  experience  has  shown  that  a  soil  lighter  than  this  has  not 
sufficient  body  to  warrant  the  expense  of  converting  it  into  a  good 


66 


SOILS   AND   MOISTURE. 


wheat  land.  The  soils  are  too  light  for  grass.  They  are  valued  as 
wheat  lands  about  in  the  order  in  which  they  are  given  in  the  table, 
except  that  it  would  seem  that  245  should  have  been  given  a  higher 
place  in  the  table,  as  it  is  considered  a  very  fertile  wheat  land,  but 
this  may  have  been  due  to  the  sampling. 

A  determination  was  made  of  the  time  required  for  water  to  pass 
through  the  subsoil  at  South  River,  near  where  252  was  collected  . 
The  subsoil  was  found  to  contain  51.48  per  cent,  by  volume  of  empty 
space.  One  inch  in  depth  of  water  passed  through  3  inches  in  depth 
of  saturated  subsoil  in  43  minutes,  with  an  initial  pressure  of  2  inches 
in  depth  of  water. 

The  samples  in  the  accompanying  table  are  of  strong  wheat  and 
grass  lands  of  southern  Maryland.  They  are  considered  the  very  finest 
type  of  wheat  lands  in  that  locality : 

MecJianical  analyses  of   subsoils  of  strong  wheat  and  grass  lands  from  southern 

Maryland. 


Diameter. 


2-1 

1-5 
•5-- 25 

.25-.! 

.1-.05 
.  05—  01 
.01-. 005 

•OOS-.OOOX 


Conventional  names. 


Pine  Gravel ... 
Coarse  sand... 
Medium  sand . 

Fine  sand 

Very  fine  sand, 

Silt 

Pine  silt 

Clay 


Total 

Organio  matter»  water,  loss 


14a. 


Davidsonville, 
clay. 


0.00 
0.00 
0.29 

a- 43 
23.56 

32- « 


94- 
5- 


247. 


Davidsonville, 
James  Iglehart 


0.00 

0.27 

0.64 

3*  20 

22.58 

26.25 

10.42 

32.40 


95-76 
4-24 


179- 


Herring 
Bay. 


0.00 
0.00 
0.50 

3D*  as 

»9-<H 
6.78 

32' 4a 


9B.52 
1.48 


No. 


143 

247 
179 


Locality. 


Davidsonville,  clay,  T.  S.  Iglehart 
Davidsonville,  James  Igletiart.... 
Herring  Bay 


Sarftce 
area. 


S}.  em* 
3.604 

3.537 
3.  ^"9 


Approximate 

namber 

of  grains  per 

gram. 


15, 148, 000, 000 
I4t903.«».«>o 
I4t  433.0001 000 


These  three  samples  were  taken  from  very  rolling  lands,  where  the 
loam,  if  it  had  ever  accumulated, .  had  been  removed  by  washing, 
leaving  exposed  the  yellow  clay  which  seems  to  underlie  all  the 
wheat  lands. 

Very  recently  the  U.  S.  Greological  Survey  has  made  a  geological 
survey  of  this  locality,  and  from  a  manuscript  map  which  they  have 
kindly  "supplied  it  would  appear  that  they  have  been  able  to  separate 
the  Neocene  formation  in  this  locality  into  Lafayette  and  Chesa- 
peake. The  Lafayette  is  shown  as  covering  the  high  hills  and 
plateaus,  apparently  where  our  loam  samples  were  secured.  The 
Lafayette  formation  is  hardly  more  than  2  to  4  feet  thick  at  this 
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place,  and  is  made  over  out  of  the  diatomaoeous  earth  material,  which 
woald  account  for  the  diatoms  found  in  the  subsoil.  The  Lafayette 
foimation  covers  the  ridge  lands  further  down  the  peninsula  with 
the  coarse,  sharp  sand  of  the  pine  barrens.  This  geological  data  will 
necessitate  a  further  and  more  careful  collection  of  soil  samples  in 
this  locality,  to  see  if  these  two  grades  of  wheat  land  correspond 
closely  with  the  two  horizons  of  the  Neocene  formation ;  but  this 
whole  work  shows  the  intimate  relation  of  geology  to  agriculture,  in 
the  area  and  distribution  of  the  principal  soil  formations  and  the  ne- 
cessity of  thorough  geological  work  as  a  basis  for  soil  investigations. 

There  is  a  very  marked  relation  between  the  agricultural  value  of 
these  lands  and  the  texture  and  general  appearance  of  the  soils.  If 
the  soils  are  in  a  moderate  condition  of  cultivation,  in  which  the 
arrangement  of  the  grains  can  be  assumed  to  be  sensibly  constant, 
the  agricultural  value  increases  quite  regularly  with  the  x)ercentage  of 
clay,  and  the  approximate  number  of  grains  per  gram.  The  yield 
increases,  however,  in  nearly  all  cases,  and  with  most  crops,  at  the 
expense  of  the  quality  of  the  crop  produced.  In  the  case  of  tobacco 
and  truck,  as  the  quality  or  time  of  maturity  is  of  more  importance 
than  the  quantity  of  crop  produced,  the  lands  are  valued,  within 
certain  limits,  as  the  soil  is  lighter  in  texture  and  contains  less  clay 
and  fewer  grains  per  gram.  It  is  not  a  matter  of  the  chemical  com- 
position of  the  soil,  or  of  the  amount  of  available  plant  food  in  the 
soil,  which  determines  this  local  distribution  of  crops,  but  it  is  a 
matter  of  the  texture  of  the  soil  and  especially  of  the  relation  of  the 
soils  to  water,  and  the  amount  of  water  which  they  can  maintain  for 
the  crop  under  existing  climatic  conditions. 

Lime  has  been  considered  the  very  best  fertilizer  for  these  wheat 
lands,  but  lime  with  plenty  of  organic  matter  in  the  soil  "  for  the 
lime  to  act  on,"  otherwise,  it  will  "  burn  out  the  land,"  so  that  where 
lime  is  applied,  as  it  should  be  every  few  years,  clover  or  some  green 
manuring  is  considered  a  necessary  adjunct.  We  shall  see  that  this 
combination  would  tend  to  make  the  soils  more  retentive  of 
moisture. 

There  has  always  been  a  peculiar  prejudice  against  the  use  of  high 
grade  fertilizers  in  southern  Maryland.  They  are  rarely  used  on  the 
wheat  lands,  especially  where  lime  and  clover  can  be  applied.  Large 
quantities  have  been  used  on  the  tobacco  lands,  but  the  deterioration 
of  these  tobacco  lands  is  very  frequently  attributed  to  the  use  of  the 
high  grade  fertilizers. 

WTien  Peruvian  guano  was  introduced,  as  one  of  the  first  of  the 
high  grade  fertilizers,  it  was  used  quite  freely  for  tobacco,  but  it  was 
claimed  that  it  was,  in  the  end,  injurious  to  the  lands.  It  was  said  that 
for  the  first  two  or  three  years  it  acted  as  a  stimulant  and  increased 
the  yield  of  crop,  but  that  the  land  soon  became  exhausted  and  was 
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poorer  than  before.  There  has  been  no  general  recognition  of  this 
fact  by  agricultural  chemists,  for  it  has  been  argued  that  the  con- 
tinued application  of  plant  food  could  not  impoverish  a  soil,  but  it 
would  certainly  seem  that  the  farmers  were  right  in  this,  and  that 
the  injudicious  use  of  high  grade  fertilizers  may  very  likely  have  a 
permanent  effect  upon  these  soils,  by  changing  the  arrangement  of 
the  soil  grains  and  changing  the  relation  of  the  soils  to  water,  which 
would  be  highly  injurious  to  succeeding  crops.  This  matter  presents 
one  of  the  most  interesting  problems  in  these  soil  studies  of  southern 
Maryland. 

The  samples  which  have  been  described  and  of  which  the  mechani- 
cal analyses  have  been  given  in  the  foregoing  tables,  are  of  representa- 
tive soils  and  from  what  is  considered  to  be  typical  and  representative 
localities  of  the  different  soil  formations.  Other  samples  have  been 
collected  of  local  interest,  and  there  is  a  cJonsiderable  amount  of  ma- 
terial on  hand  for  the  study  of  the  change  in  texture  which  has 
evidently  occurred  in  the  deterioration  of  some  of  these  lands,  but 
there  has  been  no  time  to  work  them  up  for  this  report. 

WHEAT   LANDS   OF   THE    RIVER   TERRACES. 

The  accompanying  table  gives  the  mechanical  analyses  of  the  sub- 
soils from  four  localities  of  the  fertile  river  terraces  of  southern 

Maryland : 

MecJianical  analyses  ofsvbsoils  of  wheat  land, 

RIVER  TERRACE. 


Diameter. 


mm. 

2-1 

1-5 

•5-25 

. 25-. I 

•  1-.05 

.05-.  01 

.01-.  005 

. 005-. 0001 


CoDTentional  names. 


Fine  gravel ... 
Coarse  sand . . . 
Med i  am  sand  . 

Fine  sand 

Very  fine  sand 

Silt 

Fine  silt 

Clay 


Total , 

Organic  matter,  water,  loss, 


No. 


J99 

20 1 

205 
203 


Locality. 


199. 


201  • 


203. 


205. 


Benedict,  i  St.  Marys. 


«•  M«y»-  8???f;n-, 


Benedict 

Siiint  Marys 

Opposite  Saint  Marys 
Saint  Marys 


Clay. 


/^n*  ctnt. 

23-45 
25- 03 
26.24 
29.27 


Sarlkce. 
area. 


Approximate 
number 

of  grains  per 
gram. 


Sfl.  CM. 

2,765 

2.889 
3.188 

3.509 


io,737.a».oa> 
11,936,000,000 
12,205,000,000 
13. 570. 000. 000 


These  river  terraces  border  the  Potomac  River  and  its  tributaries 
in  the  lower  part  of  the  peninsula,  and  are  considered  very  strong 
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wheat  lands.  They  are  classed  geologically  with  the  Columbia  ter- 
race formation,  but,  as  will  be  seen  from  the  mechanical  analyses  and 
as  shown  from  the  agricultural  value  of  the  lands,  they  are  very  much 
stronger  soils  than  those  of  the  same  formation  on  the  bay  shore, 
which  form  the  early  truck  lands  between  Baltimore  and  Annapolis. 
The  terraces  have  an  elevation  of  from  20  to  60  feet  above  tide  and 
are  about  ^  mile  wide,  with  the  Lafayette  formation  rising  beyond  this 
into  the  pine  barrens  of  the  higher  lands  further  inland.  The  lands 
have  good  body  and  are  capable  of  a  very  high  state  of  cultivation, 
and  many  of  them  are  maintained  in  a  very  good  condition.  Some 
of  the  land  around  Saint  Marys  has  been  under  cultivation  for  two 
hundred  years  without  apparent  deterioration,  although  there  is  noth- 
ing at  all  peculiar  in  the  appearance  of  the  land  to  indicate  any  un- 
usual conditions.  The  soil  is  about  6  or  8  inches  deep,  but  neither 
the  soil  nor  subsoil  appear  to  have  more  organic  matter  than  is 
'usual  in  the  lands  of  southern  Maryland,  nor  do  they  appear  different 
from  the  same  class  of  lands  elsewhere.  They  have  been  taken  care 
of  and  have  been  very  intelligently  handled. 

TRUCK   AND   WHEAT   LANDS   FROM    SHIPLEY. 

» 

Very  interesting  conditions,  shoii^^ng  the  relation  of  the  texture  of 
the  soil  to  the  local  distribution  of  plants,  are  presented  in  the  soils 
represented  by  their  mechanical  analyses  in  the  accompanying  table : 

Mechanical  andlysea  of  truck  and  wheat  subsoils — W.  A,  Shipley y  Shipley  Station. 


Duuneter. 


a-i 
1--5 
•5-»5 
.35-.  I 
-1-05 
.0S>.ox 
.01—005 
>oo5~'*ooox 


Conrentional  names. 


Fine  gravel... 
Coarse  sand... 
Medium  sand. 

Fine  sand 

Very  6ne  sand. 

Silt 

Fine  silt 

Clay 


Total 

Organic  matter,  water,  loss. 


472. 

467. 

Early 

Truck  and 

track, 

small 

Marley. 

fruit. 

0.49 

0.76 

4.96 

8-55 

40.19 

35-04 

27-59 

19.26 

13.10 

8.42 

7.74 

"•3B 

2.23 

4-13 

4.40 

10-59 

99.70 

98-13 

0.30 

1.87 

478- 


480. 


tomXes,    „?irji"f,rt 
cabbage,     wheat  and 


wheat. 


grass. 


.  2.05 

3- 31 
5-41 
2.89 
6.06 
40.15 

13-14 
23.84 


96.85 
3-15 


0.00 
0.38 
1.07 
0.78 

3-41 
43-08 

13-81 
30.21 


92.80 
7.20 


No. 


Soil. 


Clay. 


{    Bur&ce 
'      area. 


472 

467 

47« 
480 


Early  track,  Marley 

Truck  and  small  fruit 

Peas,  tomatoes,  cabbage,  wheat. 
StroQg  wheat  and  grass 


Per  cent. 

4.40 

10.59 

23-84 
30.21 


Sq,  cm. 

615 
1,244 
2,242 

3.479 


Approximate 

number 

of  grains  per 

gram. 


1,950,000,000 

4,767,000,000 

10, 923, 000, 000 

14,457,000,000 


472  represents  the  very  early  truck  lands  of  Marley,  which  have 
already  been  described.     Marley  is  about  3  or  4  miles  in  a  direct  line 
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from  Shipley  Station.  The  other  three  soils  are  all  at  Shipley- 
Station,  and  are  on  the  same  farm  and  are  only  a  few  hundred  feet 
apart,  so  that  all  the  soils  are  undei  the  same  meteorological  condi- 
tions. 480  is  a  strong  grass  and  wheat  land,  from  a  ridge  having  an 
elevation  of  about  160  feet.  This  sample  was  taken  in  a  heavy  grass 
sod  which  has  stood  for  a  number  of  years.  It  wbuld'be  classed  any- 
where as  a  strong  wheat  soil  and  a  very  good  grass  land.  478  came 
from  a  level  plateau  or  terrace,  just  under  the  ridge,  and  was  evi- 
dently formed  of  the  same  material.  It  is  a  much  lighter  soil  than 
that  on  the  top  of  the  ridge,  but  is  still  a  gopd  wheat  land.  It  is  too 
heavy  for  early  truck  and  for  sweet  potatoes  and  canteloupes.  It  is 
considered  good  tomato,  corn,  and  cabbage  land,  although  it  does  not 
ripen  the  crops  so  early  as  the  lighter  soils.  Peas  do  well  on  this 
land,  but  they  cannot  be  grown  two  years  in  succession,  for  the  large 
amount  of  nitrogenous  matter  in  the  roots  and  vines  makes  the  soil 
very  close  and  heavy,  and  the  second  year  there  is  a  large  amount  of 
pea  vines  but  a  very  small  crop  of  peas  is  obtained  from  them. 
Wheat  is  nearly  always  sown  after  the  peas,  then  grass,  followed  by 
corn,  and  then  peas  again.  Some  such  rotation  as  this  is  necessary 
to  keep  the  land  open  and  in  good  condition.  467  is  the  regular 
truck  land  of  this  locality,  well  suited  to  truck  and  small  fruit.  It 
is  a  coarse,  sandy  soil,  but  not  so  light  in  texture  nor  as  early  as  the 
lands  at  Marley.  The  productiveness  of  these  lands  increases  with 
the  amount  of  clay  they  contain  and  the  number  of  grains  per  gram. 
It  cannot  be  doubted  that  the  local  distribution  of  plants  on  these 
soils  is  due  to  the  texture  of  the  land,  and  very  largely  upon  the  rela- 
tion of  the  soils  to  water.  No  better  illustration  can  be  found  of  the 
fallacy  of  a  very  common  impression  of  the  theory  of  fertilization 
than  in  these  soils.  It  is  not  that  the  strong  clay  soil  (480)  is  neces- 
sarily deficient  in  any  particular  kind  of  plant  food  that  sweet  pota- 
toes and  canteloupes  cannot  be  successfully  grown,  and  further,  if 
sweet  potatoes  and  canteloupes  are  to  be  grown  upon  this  land  the 
conditions  of  treatment  should  be  just  the  reverse  of  what  would  be 
required  for  the  best  development  of  wheat.  For  the  melons  the  soil 
must  be  made  more  loamy  and  less  retentive  of  moisture,  while  for 
wheat  and  grass  the  soil  must  be  made,  if  anything,  closer  and  more 
retentive  of  moisture.  Tomatoes  raised  on  a  heavy  soil,  like  (480),  in 
which  there  is  such  an  abundant  water  supply,  would  be  likely  to  run 
to  weed,  that  is,  to  produce  a  very  large  and  rank  growth  of  vine  but 
with  little  fruit,  and  it  would  be  late  in  coming  to  maturity,  just  as 
in  a  greenhouse  a  florist  can  make  a  geranium  bloom  quite  freely  by 
keeping  the  soil  rather  dry,  or  he  can  push  it  to  a  luxuriant  develop- 
ment of  foliage,  with  no  tendency  to  flower,  by  keeping  the  soil  more 
moist.  Obviously,  the  same  treatment  could  not  be  expected  to  have 
the  same  results  for  all  crops  on  any  one  of  these  soils,  and  the  same 
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plant  might  require  very  different  conditions  of  manuring  and  treat- 
ment on  these  four  different  soils. 

It  would  be  admitted  by  practical  men  that  467  is  well  adapted  to 
small  fruits,  but  that  472  is  rather  light  in  texture  and  480  is  too 
heavy  for  the  best  development  of  such  a  crop.  Obviously,  the  treat- 
ment best  adapted  to  one  soil  would  not  give  the  same  results  on  the 
other,  for  the  conditions  of  growth  which  it  is  desired  to  secure 
would  be  a  mean  between  these  two  extremes. 


SAMPLES   OF   CLAY. 

Very  interesting  conditions  are  found  in  the  Potomac  formation ;  a 
narrow  belt  of  barren  clay  hills  extending  across  the  state  from 
Washington  through  Baltimore  to  the  Delaware  line.  These  varie- 
gated clays  are  so  close  in  texture  as  to  be  almost  impervious  to 
water,  and  quite  unsuited  to  the  growth  of  agricultural  crops.  The 
movement  of  water  through  them  is  so  extremely  slow  that  a  plant 
would  suffer  for  lack  of  sufficient  water  while  the  soil  might  show  a 
high  water  content.  The  clay  is  used  at  the  potteries  for  burning 
both  porous  tile  and  stoneware,  and  it  is  so  impervious  to  water  that 
it  is  used  for  puddling  and  for  diverting  water  from  the  gutters  in 
the  repair  of  streets. 

The  accompanying  table  gives  the  mechanical  analyses  of  three 
samples  of  clay : 

Mechaniccd  analyses  of  samples  of  day. 


DiAineter. 


1-5 
-5-»5 

.25-.  I 

.•1-05 
.05-.  ox 
•  oi-.oos 

.OOS'.OOOX 


3<H- 


ConTentional  names. 


Red  clay, 
tile. 


Fine  graTOl  . . . . 
Coarse  sand  . . . 
Mediam  sand.. 

Fine  sand 

Very  fine  sand 

Silt 

Pine  silt 

Clay 


Total 

Oissnie  matter,  #ater,  loss. 


0.00 
0.00 
0.50 
a.  03 
9.62 

25-13 
X3-44 
42-34 


M.76 
6.34 


3Q5. 


Red  clay, 
paddling. 


0.31 
0.8a 
a.  69 

a6. 17 
iz.z8 
42-36 


95-65 
4-35 


388. 


Helderberg 
limestone. 


1-34 

0-33 
x.oB 
i.oa 
6.94 

39-05 
ZZ.03 

43-44 


94-23 
5-77 


303- 


Blue  day, 
stoneware. 


0.00 
0.00 
o.a9 

1-27 

8-93 
ao.x6 

x6.7a 

50>oa 


97-39 
a.6z 


No.  I 


Soil. 


Bed  clay,  tile 

Red  clay,  paddling. . .. 

Helderberg  limestone. 

yoi  ,  Bine  elay,  stoneware  . 


Clay. 

Surface 
area. 

Pweent. 

42.34 
42.36 

43-44 
50.0a 

4.575 
4.905 

Approximate 
namber 

of  grains  per 
gram. 


ao,  07a,  000, 000 
19,447.000,000 
19. 638, 000, 000 
aa,  639,000*  000 


There  is  also  given,  for  comparison,  the  mechanical  analysis  of  a 
very  strong  and  fertile  wheat  subsoil  of  the  Lower  Helderberg  forma- 
tion.   It  will  be  seen  that  this  is  almost  identical  in  texture  with  the  red 
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clay  used  in  puddling.  The  imperviouB  clays  have  no  more  of  this 
fine  material  in  the  clay  group,  and  no  more  grains  per  gram  than  the 
limestone  soil,  but  the  one  is  too  close  in  texture  and  too  retentive  of 
moisture,  and  will  dry  into  a  hard,  stone-like  mass,  while  the  other, 
although  a  strong  clay  soil,  is  friable  and  readily  permeable  to  water. 

A  few  drops  of  strong  ammonia  added  to  the  water  which  passes 
through  the  limestone  soil  will  make  this  quite  as  impervious  as  the 
other  clays,  and  this  change  in  the  texture  of  the  soil  will  be  due  to  a 
rearrangement  of  the  soil  grains,  the  change  being  quite  apparent  to 
the  eye.  There  is  no  question  but  that  the  trouble  with  these  im- 
pervious clays  is  that  they  are  too  close  and  too  retentive  of  moisture, 
and  that  this  is  due,  not  to  an  unusual  amount  of  clay,  but  to  the  ar- 
rangement of  the  soil  grains.  To  increase  the  agricultural  value  of 
these  lands  they  must  be  made  lighter  in  texture  and  less  retentive  of 
moisture,  and  this  can  probably  be  done  by  the  judicious  use  of  ferti- 
lizers and  manures,  accompanied  by  underdrainage  and  proper  condi- 
tions of  tillage  and  cultivation ;  on  the  other  hand,  it  will  be  no  very 
difficult  thing,  by  injudicious  fertilization  or  treatment  of  the  land,  to 
convert  the  limestone  soil  into  an  impervious  clay  which  would  be 
turned  out  as  a  barren  waste. 

The  whole  problem  of  the  soils,  as  presented  in  southern  Maryland, 
makes  it  appear  that  the  deterioration  of  lands  is  due  to  or  is  accom- 
panied by  a  change  in  the  arrangement  of  the  soil  grains,  changing 
the  relation  of  the  soil  to  the  circulation  of  the  water.  This  change 
in  the  appearance  or  texture  of  the  land  is  quite  apparent  to  the  eye, 
and  one  can  judge  of  the  condition  of  the  land  by  the  general  appear- 
ance of  the  soil. 

It  would  appear  as  a  result  of  this  work  that  the  subsoil  of  good 
grass  land  under  prevailing  climatic  conditions  should  contain  not  less 
than  30  per  cent,  of  clay,  or  about  twelve  thousand  million  grains  per 
gram,  good  wheat  land  not  less  than  20  per  cent,  of  clay,  or  about 
nine  thousand  million  grains  per  gram,  and  early  truck  not  over  10 
per  cent.,  or  about  four  thousand  million  grains  per  gram ;  provided j 
these  grains  have  a  certain  mean  arrangement,  and  that  this  skeleton 
structure  contains  an  average  amount  of  organic  matter. 

It  has  taken  a  long  time  to  collect  this  material  and  arrange  and 
classify  it  to  give  a  basis  for  further  work.  It  has  not  been  possible 
to  go  over  the  field  and  make  the  actual  determinations  of  the  rate  of 
flow  of  water  through  these  subsoils,  except  in  the  few  cases  which 
have  been  given,  and  in  working  up  the  methods  in  the  laboratory. 
This  is  the  most  important  work  to  be  taken  up,  now  that  the  material 
has  been  collected,  and  if  the  opportunity  is  given  this  will  be  the  next 
line  of  work  to  be  undertaken,  to  study  the  actual  relation  of  these  soil 
formations  to  water  and  the  effect  thereon  of  manures  and  fertilizers. 

Until  this  work  is  done  and  the  actual  determinations  of  the  rate 
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of  flow  can  be  given  it  will  be  unnecessary  to  give  in  detail  the  calcu- 
lated relative  rate  of  movement  of  water  through  these  different  soils. 
There  has  not  been  suflBcient  work  done  as  yet  in  the  soils  of  west- 
em  Maryland  to  permit  of  a  fuller  discussion  than  will  be  given  in 
the  tyx>e  samples. 

TYPE  SUBSOILS. 

A  number  of  type  samples  have  been  prepared  and  analyzed,  show- 
ing tlie  average  composition  of  all  the  samples  collected  from  the 
principal  agricultural  soils  in  southern  and  western  Maryland,  as 
shown  in  the  accompanying  table. 

Mechanical  analyses  of  type  subsoils. 


Dtameter. 


CoDTentional  names. 


a-i 

1-, 

•5-' 

as-- 
05- 


5 
as 

X 

OS 
01 
005 
0001 


Fine  gravel  ..... 
Coaraeaand...., 
Mediam  sand... 

Fine  sand , 

Very  fine  sand  . , 

Silt , 

Fineailt , 

Clay 


Total 

Organic  matter,  water,  loss 


376.     384.     386.  I  290 


a8o. 


00 

a 


mm 

9 

G 


a 


•♦.87, 

?•  'S 
38.37 
33- 281 

3-52 

3.47 
1-55 
3-75' 


8. 

34' 

19. 

II. 

la. 
4- 
7- 


o 


9 

a 


I    O 


34     I 
34     2. 


77 
94 


7- 
16. 

Ill  19. 

15  25. 

.17     4- 

45!  17- 


36     o. 
13     o. 

78|    3- 
33. 

34. 
10. 


41 
52 

95 


30. 


81 1 
50 

76| 

03 

30 


0.00 
0.4a 

1. 81 

8.59 

32.06 

23.65 
6.77 

aa.  85 


97.96J  99.17 
a.  04    0.83 


95-55 
4.45 


97.04 
3.96 


278. 


9 
9 


1.60 

1.51 
4.15 
4.84 

8.54 
44.92 

5-78 
25.85 


95.8s  97-19 
4.15;    3.81 


283.   '  338.   I  389.      388. 


01 

OB 


9 

9 

a 

a 

c: 

«3 

m 
* 

»   • 

• 

>M   «• 

"•a 

.«     t. 

OB  U 

^J 

*8 

■*» 

« 

e( 

^ 

0 

00 

0.00 

1 

0.00 

©.33 

O.II 

1.39 

0.4a 

4.03 

3.63 

"•57 

".35 

38.97 

40.33 

8.84 

10.90 

32-70 

33.32 

>.05 
).  16, 


O.Oi 

0 

0.80' 

3.01, 

6.70 

31.63' 

14.24, 

39-36, 


9 
B 


M)« 
^  C 

M    IB 

9 
"9 


tl.34 
0.33 

Z.03 

6.94 
39.05 
11.03 

43-44 


97.63  98.96  94.91   94-23 
2-37i    1-04     5-09     5.77 


Vo. 


Soil. 


Clay. 


376 


Pine  barrens 
Tmck 


P&r 


37* 


Tobacco 

Oriskaoy,  "fine  earth" 

Wheat 

BiTer  terrace 

Triasaic  red  sandstone 

Catskill," fine  earth" 

Shales  (Hamilton,  etc.),  "fine  earth" 

Helderberg  limestone 

Trenton  chiasy  limestone 


C€ntt 

3-75 

7-45 

»7-95 

20.30 

33.85 

25-85 
33.70 
33.32 
39-36 
43-44 
53.0a 


Surface 

area. 

8q,  cm. 

496 

971 

3,103 

2,173 

3,603 

3,934 

3«S93 
3.669 

4,411 

4,575 

5*574 

Approximate 

number 

of  grains  per 

gram. 


1,693, 
3,266, 
8,358, 

9»i54, 
10,358, 
11,684, 
14,736, 
14,839, 
18,295, 
191 63^ 
24,653» 


000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 


*This  includes  1.81  per  cent,  coarser  than  3  millimeters, 
t  This  includes  0.83  per  cent,  coarser  than  3  millimeters. 

The  tables  are  substantially  as  published  in  the  Fourth  Annual  Re- 
port of  the  Maryland  Agricultural  Experiment  Station,  except  that 
it  has  been  found  that  a  sample  containing  a  large  percentage  of  clay 
had  been  accidentally  introduced  into  the  truck  type,  and  so  few  local- 
ities were  represented  that  this  made  a  great  difference.  The  present 
type  of  truck  soil  is  from  twenty-eight  localities.  This  table  includes 
all  of  the  principal  agricultural  .soils  in  southern  and  western  Mary- 
land, except  the  very  important  soil  of  the  Trenton  limestone  forma- 
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tion,  represented  here  by  only  a  single  sample,  but  it  does  not  include 
any  of  the  soils  of  the  Eastern  Shore  or  any  of  the  soils  of  Ihe  crys- 
talline  rocks  of  the  Piedmont  Plateau  in  northern-central  Maryland. 

The  soils  thus  arranged  according  to  the  amount  of  clay  they  con- 
tain and  the  approximate  number  of  grains  per  gram,  which  gives 
the  texture  of  the  soil,  are  arranged  in  the  order  of  their  relative 
agricultural  value. 

The  approximate  extent  of  surface  area,  in  square  centimeters  per 
gram,  is  given  in  detail  in  the  accompanying  table  for  a  number  of 
the  soil  types  and  the  approximate  number  of  grains  per  gram,  to 
show  the  relative  value  of  each  of  the  separations. 

Surface  area  (»g.  cm.)  per  gram  ofsubsoU. 


Diameter. 


tfunt 

2-1 

•5--«5 
•  25-.  I 

.1-.05 
.05-.  01 
.01-. 005 
.005-.  0001 


2j6m 


CoDyentional  Qames. 


FinegraTel 0.5 

Coarse  sand 2.8 

Medium  sand 23.6 

Fine  Hand 43.9 

Veryfinesand 10.8 

Silt I  26.7 

Fine  silt I  47.7 

Clay 339.8 


m 
a 

u 

9 

a 


Total, 


495-8 


284. 


286. 


g 


o 


28a 


3 

Si 


'0.2 

0.2 

a.5 

0.7 

21.2 

4-9 

26.0 

22.4 

33-8. 

62.5 

92-5 

200.7 

127.0 

142.8 

667.3 

1,668.0 

970.5 

2, 102. 2 

0.0 

0.1 

I.I 

II. 6 

100.9 

186.2 

213.2 

2,069.0 


2,602.1 


279. 


282. 


9 


t 


0.2 

0-5 
2.6 

6.4 

a6.5 

348.7 

179.5 
2,3bo.o 


4; 

a 
o  o 


2,924.4 


0.0 
0.1 
i.o 

35-8 
301.4 
5 
.0 


273.; 
1,976.4 


3.593-1 


e  a 
9JS 


0.1 
0.1 

0.7 

1-4 
22.3 

3S3-4 
3*965.0 


4.575-5 


Approximate  number  ofgraintper  gram  ofsubsaiL 


Diameter. 


fnm. 
2-1 

1-5 
•5-25 

•  25-. I 

.1-.05 

.05-.  01 

.01-.  005 

.005-. 0001 


ConTentional  names. 


Fine  gravel . . . 
Coarse  sand... 
Medium  sand . 

Fine  sand 

Very  fine  sand 

Silt 

Fine  silt 

Clay 


276. 


Pine  barrens.  Truck. 


7 
160 

5.356 

45.700 

61,380 

945.900 

27, 030, 000 

1, 664, 000, 000 


Total 1,692,068,503 


284. 


3 
142 

4.794 

27.050 

191.500 

3,270,000 

71,830,000 

3,267,000,000 


3.342.323.489 


286. 


280. 


Tobacco. 


3 

38 

If  114 

23,320 

354.500 

7,  loi,  000 

80,790,000 

8, 170, 000, 000 


8,258,269,975 


Wheat. 


4 


2« 

12,050 

571.200 

6,588,000 

120,700,000 

10, 230, 000, 000 


10,357.871.515 


Diameter. 


tnn. 
2-1 

1-5 
•5-- 25 
.  25-. I 

.1-.05 
.05-.  01 
.01-. 005 
.005-. 0001 


Conventional  names. 


FinegraTel... 
Coarse  sand  . . 
Medium  sand. 

Pine  sand 

Very  fine  sand 

Silt 

Fine  silt 

Clay 

Total.... 


278. 


River  terrace. 


4- 

'       583 

6,701 

150,200 

12,  MOt  000 

101,600,000 

11,570,000,000 


11,684,097,513 


282. 


28S. 


Triassic  red  |    Helderberg 
sandstone.     ,     limestone. 


o 

4 
181 

5.556 

202,600 

10,670,000 

154,900,000 

14.570.000,000 


12 

60 

157 

1.456 

I25i900 

8, 23i,.ooo 

199.900,000 

19.430.000,000 


14.735.778.341  '    19.638,258,585 
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It  will  be  seen  from  these  tables  that  the  clay  group  has  a  most  im- 
portant influence  on  the  texture  of  the  soil,  as  shown  in  these  calcu- 
lations. In  the  extent  of  surface  area  it  is  far  ahead  of  the  other 
separations,  although  the  effect  of  the  coarser  grades  is  still  quite 
apparent.  In  the  approximate  number  of  grains  per  gram,  which, 
according  to  these  views,  determines  the  extent  of  subdivision  of  the 
empty  space  in  the  soil,  the  clay  group  has  by  far  the  greatest  value, 
and  this  and  the  fine  silt  practically  determine  the  real  texture  of  the 
subsoils,  provided  the  grains  have  the  same  mean  arrangement.  The 
reason  for  this  is  found  in  the  extremely  small  size  of  the  grains  of 
clay,  so  that  a  percentage  of  clay  means  a  vast  number  of  soil  grains 
and  a  very  large  extent  of  surface  area. 

Assuming  the  amount  of  empty  space  for  these  subsoils,  as  given, 
the  relative  rate  of  flow  of  water  through  a  certain  depth  with  a  uni- 
form water  content  (12  per  cent.),  is  given  in  the  accompanying 
table,  as  calculated  by  the  formulae  already  given. . 


No. 


276 
386 

rfi 


Soil. 


Pine  barrexis 

Track 

Tobacco 

Oriskany 

Whe«t.: 

River  Terrace 

Triassic 

Catskill 

Shales  (Hamilton,  etc. ) . . 
Helderberg limestone  ... 


Space. 


Per  cent. 
40 

45 
50 
50 
55 
55 
55 


Water- 
content. 


65 


Per  cent 
12 
12 
12 
12 
12 
12 

12 

13 
13 
13 


Relative 
time. 


MinutM. 

8 
16 

33 
35 
45 


58 
81 
100 


With  this  uniform  water  content,  if  an  inch  in  depth  of  water 
passed  through  the  Helderberg  limestone  in  100  minutes,  it  would 
take  about  45  minutes  for  the  same  quantity  of  water  to  pass  through 
the  type  of  wheat  land  of  southern  Maryland^  With  the  same  rainfall, 
therefore,  and  the  same  amount  of  water  falling  on  each  of  these  soils, 
the  water  will  pass  down  through  the  light  lands  much  quicker  than 
through  the  heavier  soils,  providing  the  soils  are  short  of  saturation. 

Some  time  after  a  rain  when  the  excess  of  water  had  passed  down 
through  the  light  lands,  and  the  rate  of  movement  was  about  the 
same  in  all  of  the  soils,  the  water  content  of  these  lands  would  be 
about  as  given  in  the  next  table. 


No. 


384 

386 


Soil. 


Pine  barrens 

TniPk 

Tobacco 

Oriskany < 

Wheat 

River  terrace , 

Triassic 

Catskill.... 

Shales  (Hamilton,  etc.) 
Helderberg  limestone  . , 


Space. 

Water- 
content. 

Relative 
time. 

Per  cent. 

Percent. 

Minutet. 

40 

5-3" 

lOI 

45 

6.2 

103 

50 

8.4 

102 

50 

8.6 

lOI 

55 

9.4 

100 

55 

9.6 

100 

55 

10. 0 

lOI 

55 

10. 1 

100 

60 

II. 2 

100 

65 

12.0 

100 
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This  would  be  approximately  the  relative  amount  of  water  found 
in  each  of  these  subsoils  some  time  after  a  soaking  rain,  and  it  agrees 
very  well  with  the  few  actual  moisture  determinations  which  have 
been  made  in  these  soils.  There  is  little  doubt  that  these  values, 
based  on  purely  theoretical  considerations,  will  be  sustained,  in  the 
main,  by  actual  moisture  determinations  and  that  they  will  give  an 
expression  of  the  texture  of  the  land.  The  mean  arrangement  of  the 
grains  in  the  undisturbed  subsoil  of  these  great  formations  is  prob- 
ably not  very  different,  except  in  special  cases,  as  in  the  imper\nou8 
clays  of  the  Potomac  formation  or  for  local  conditions,  and  it  is  prob- 
able that  the  amount  and  condition  of  the  organic  matter  in  the  un- 
disturbed subsoil  of  these  great  soil  areas  are  sensibly  constant  and 
that  their  effect  will  not  greatly  differ,  except  under  artificial  condi- 
tions of  cultivation  and  manuring. 

There  are  undoubtedly  exceptions  to  this,  as  may  be  seen  very 
plainly  in  the  Potomac  clays  and  in  the  shales  in  the  western  part  of 
the  state,  but  these  exceptions  are  due  to  conditions  which  can  be  read- 
ily recognized  and  which,  indeed,  are  made  apparent  by  the  departure 
of  these  soils  from  the  conditions  which  have  been  assumed. 

The  relations  of  these  soils  to  water  as  shown  by  these  calculations, 
and  as  it  is  believed  will  be  shown  by  actual  moisture  determinations, 
are  as  different  as  in  the  artificial  conditions  of  greenhouse  culture. 

In  greenhouse  culture  the  development  of  the  plant  can  be  largely 
controlled  by  judicious  watering.  Water  may  be  readily  added  or 
withheld  from  different  classes  of  plants,  or  for  different  kinds  of 
development  as  needed,  and  the  whole  art  of  greenhouse  culture  is 
in  the  judicious  control  of  the  temperature  and  the  moisture  of  the 
soil.  Different  classes  of  plants  undoubtedly  require  different  treat- 
ment for  their  best  development.  In  field  culture  water  can  not  be 
so  readily  added  or  withheld  for  certain  classes  of  plants  or  for  cer- 
tain kinds  of  development,  but  we  find  that  under  the  same  rainfall 
these  different  soil  formations  have  such  different  relations  to  water 
that  they  are  able  in  themselves  to  maintain  very  different  condi- 
tions of  moisture  for  the  plants,  quite  as  different  as  in  the  artificial 
conditions  of  greenhouse  culture,  so  that  the  conditions  in  these  dif- 
ferent soil  formations  are  best  adapted  to  particular  kinds  of  plants ; 
and  we  have  here,  it  would  appear,  the  reason  for  the  local  distribu- 
tion of  plants  under  prevailing  climatic  conditions. 

It  may  be  suggested  that  if  water  can  move  through  the  light  truck 
lands,  containing  5  per  cent,  of  moisture,  in  the  time  it  moves  through 
the  heavier  limestone  soils,  containing  12  per  cent,  of  water,  as  shown 
in  these  calculations,  that  the  light  truck  lands  should  be  able  to 
supply  the  wheat  crop  with  sufficient  water  as  readily  as  the  heavier 
clay  soil ;  but  when  water  descends  in  the  soil  the  forces  pulling  it 
down  are  surface  tension  and  gravity.     But  where  it  has  to  be  pulled 
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up  to  the  plant  the  only  force  to  pull  it  up  is  the  surface  tension,  and 
this  has  to  act  against  gravity.  There  is  much  less  water  surface  to 
contract  in  the  light,  sandy  lands,  so  that  if  100  pounds  of  water  are 
needed  by  the  wheat  crop  in  a  given  time  there  will  be  very  much 
less  water  surface  to  contract — that  is,  much  less  force  to  pull  the 
weight  of  water  up  to  the  crop  in  the  light  land  than  in  the  heavier 
soil. 

Another  interesting  problem  is  suggested  here  in  the  application  of 
these  principles  to  the  study  of  the  relation  of  the  soils  to  water.  If 
the  empty  space  within  the  soils  is  completely  filled  with  water,  as  in 
a  perfectly  saturated  soil,  the  amount  of  space  will  be  an  important 
factor  in  the  rate  with  which  this  water  can  be  removed,  and  the 
light,  sandy  lands,  having  much  less  space  and  a  much  smaller 
capacity  for  water,  may  be  slower  than  the  heavier  soils  in  draining 
off  the  excess.  This  is  shown  in  the  accompanying  table,  and  may 
very  likely  account  for  the  matter  of  very  common  experience  that 
crops  suffer  more  in  excessively  wet  seasons  in  light  lands  than  they 
do  on  heavier  soils. 


276    Pine  barrens 

^  I  Truck 

366  .  Tobacco 

390  I  Oriskany 

aSo     Wheat 

278    BiTcr  terrace 

a82     Triaasic 

Catskill 

Shales  ( Hamilton,  etc. ) 
aK  I  Helderberg  limestone.. 


Water- 

Space. 

content 
( satu- 

ration). 

Fere^ni. 

Pwemt. 

40 

20.10 

45 

23.41 

50 

27.42 

50 

27.43 

55 

31-55 

55 

31-55 

55 

31-55 

g 

31-55 
36.14 

65 

41.22 

Relative 
time. 


Minutet, 
74 

87 
121 

130 
109 
119 

137 
140 

123 

100 


These  calculations  of  the  relative  rate  with  which  water  will  move 
within  these  different  subsoils  are  based  solely  on  the  skeleton  struc- 
ture. The  influence  of  the  organic  matter  is  not  considered,  and  the 
soil  grains  are  assumed  to  have  the  same  mean  arrangement.  These 
two  factors,  the  amount  of  organic  matter  and  the  arrangement  of  the 
soil  grains,  are  probably  nearly  alike  under  the  normal  conditions 
which  prevail  in  these  great  soil  formations,  as  has  already  been 
pointed  out,  but  if  they  have  not  the  same  effect  in  the  different  soils 
they  will  undoubtedly  make  the  difference  in  the  relations  of  these 
soils  to  the  circulation  of  water  still  wider  than  the  values  we  have 
assigned.  Each  of  these  factors  requires  a  distinct  line  of  investiga- 
tion, and  this  is  necessary  to  the  practical  use  and  application  of  this 
work. 

If  it  is  thought  that  not  sufficient  importance  has  been  given  to  the 
chemical  composition  of  the  soils  in  this  treatment  of  the  subject,  it 
must  be  remembered  that  if  it  is  admitted  that  the  judgment  of  the 
practical  farmer  of  the  value  of  his  lands  is  based  on  the  general  ap- 
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pearance  or  texture  of  the  land  which  determines  the  relation  of  the 
Boil  to  water,  then  this  factor  is  the  controlling  cause  of  plant  growth 
and  distribution,  and  is  of  first  importance  in  the  treatment  and  im- 
provement of  the  land,  and  it  is  only  through  the  study  of  the  texture 
of  the  soil  that  the  theory  of  fertilization  will  be  made  clear. 

EFFECT  OF  FERTILIZERS  ON  THE  TEXTURE  OF  THE  SOIL. 

In  the  improvement  of  a  soil  the  question  should  be  asked,  how  do 
the  conditions  differ  from  the  best  conditions  for  the  kind  of  crop 
or  the  kind  of  development  desired,  and  this  question  must  be  an- 
swered by  the  effects  which  are  usually  very  apparent  to  the  eye. 
Ttie  soil  may  be  too  dry  or  leachy,  or  it  may  be  too  retentive  of  mois- 
ture. This  may  be  apparent  to  the  eye  in  the  texture  of  the  soil,  or 
it  may  be  shown  ih  the  growth,  vitality,  and  development  of  the 
plant.  • 

Take  the  case  of  the  soil  from  the  sand  hills  of  South  Carolina, 
which  has  been  referred  to  in  a  previous  section.  The  growth  of  the 
plant  is  very  small,  but  it  puts  on  a  large  amount  of  fruit  in  propor- 
tion to  the  size  of  the  plant  and  the  amount  of  food  material  which 
has  been  stored  up,  and  it  ripens  the  crop  quite  early.  Both  of  these 
latter  qualities  are  very  desirable.  The  size  of  the  plant,  however, 
shows  that  the  soil  is  either  not  sufficiently  retentive  of  moisture,  or 
it  is  so  very  retentive  and  impervious  that  it  can  not  supply  the  mois- 
ture fast  enough  for  the  needs  of  the  plant.  The  texture  of  the  soil 
shows  that  the  soil  is  not  sufficiently  retentive  of  moisture,  and  that 
it  is  in  this  direction,  rather  than  the  other,  that  the  trouble  lies,  and 
that  to  improve  the  condition  of  the  land  this  soil  must  be  made  more 
retentive  of  moisture.  On  the  other  hand,  the  red  land  is  rather  too 
close  and  too  retentive  of  moisture ;  it  maintains  such  an  abundant 
supply  of  water  that  the  plants  develop  a  very  large  amount  of  foliage 
and  grow  to  a  large  size,  and  while  they  produce  a  large  yield  per 
acre  of  seed  cotton,  there  is  njot  nearly  so  much  crop  produced  in  pro- 
portion to  the  amount  of  food  material  stored  up  as  with  the  crop  on 
the  sandy  land.  There  is  a  tendency  also  for  the  crop  to  be  late  in 
maturing.  It  requires  a  careful  diagnosis  to  determine  what  is  the 
trouble  with  the  land,  just  as  a  physician  must  be  able  to  judge  from 
the  symptoms  what  is  the  cause  of  the  trouble  with  the  patient ;  and 
he  must  act  on  this  for  the  improvement  of  the  system. 

In  greenhouse  culture,  an  experienced  florist  can  tell  from  the  de- 
velopment and  appearanciB  of  the  plant  whether  it  has  received  the 
proper  treatment ;  and  so  with  field  crops,  from  the  appearance  of 
the  plant,  the  kind  of  development,  the  texture  of  the  leaf,  the  vitality 
of  the  plant,  and  the  diseases  or  insect  ravages  to  which  it  is  subjected, 
all  are  very  plain  indications  of  the  conditions  of  the  soil,  and  it  is 
from  these  symptoms  that  one  must  judge  of  the  cause  of  the  trouble, 
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and  it  is  in  this  line  that   the  improvement  of  the  land  must  be 
worked  out.  • 

To  change  the  physical  condition  and  texture  of  a  soil  so  as  to 
make  it  more  retentive  of  moisture,  there  are  two  possible  lines  of 
procedure  which  may  be  clearly  recognized  and  defined.  The  soil 
grains  may  be  pushed  further  apart,  not  necessarily  so  that  the 
volume  of  empty  space  will  be  increased,  but  that  the  fine  grains  of 
clay  shall  be  pushed  further  out  from  the  larger  grains  of  sand,  so 
that  the  grains  will  have  a  more  symmetrical  arrangement  within  the 
soil,  or,  if  the  grains  have  already  such  an  arrangement  as  to  give 
the  full  value  to  the  clay,  this  skeleton  structure  can  be  filled  in  with 
organic  matter  by  precipitation  of  organic  matter  within  the  soil. 

The  first  of  these  principles  can  be  illustrated  in  the  opposite  effects 
of  ammonia  and  lime  on  fine  particles  of  clay  suspended  in  a  liquid. 
If  a  drop  of  the  turbid  liquid  containing  a  trace  of  ammonia  be 
placed  under  the  cover  glass  of  a  microscope,  the  fine  particles  of  clay 
suspended  in  the  liquid  can  not  come  close  together,  or,  if  they 
do,  they  are  repelled.  If,  on  the  other  hand,  a  trace  of  lime  is  added 
to  the  turbid  liquid,  the  fine  particles  of  clay  and  silt  gather  together 
in  light  flocks,  and  can  not  only  approach  each  other,  but  are  held 
together  by  some  force. 

The  effect  of  ammonia  in  rearranging  the  grains  in  the  soil  has 
already  been  referred  to.  It  is  very  probable  that  the  chemical  com- 
position of  the  soil  moisture  will  determine  the  distance  apart  of 
these  fine  silt  and  clay  particles,  so  that  they  may  come  closer 
together  when  some  fertilizers  are  added  to  the  soil,  or  be  pushed 
apart  when  others  are  applied.  These  movements  could  readily  take 
place  in  a  soil  containing  only  a  moderate  amount  of  moisture,  for 
the  film  of  water  around  the  grains  would  be  much  thicker  than  the 
diameter  of  the  grains  of  clay,  so  that  the  latter  would  be  immersed 
in  what  would  be,  relatively,  a  liquid  of  some  depth. 

This  matter  can  probably  be  made  the  subject  of  experimental 
verification,  and,  indeed,  the  apparatus  Has  been  ready  here  for  some 
time  to  determine  this  point,  whether  two  surfaces  immersed  in  a 
liquid  can  come  closer  together  under  a  constant  weight  when  cer- 
tain fertilizing  materials  are  present  than  when  others  have  been 
dissolved  in  the  water.  Measurements  of  this  kind  are  to  be  made, 
as  preliminary  work  to  the  study  of  the  effect  of  fertilizers  on  the 
arrangement  of  the  soil  grains.  Fertilizers  are  certainly  known  to 
have  some  such  physical  effect  as  this  on  the  soil,  although  the  cause 
has  never  been  worked  out  in  this  detail,  nor  has  the  effect  itself  ever 
been  considered  much  in  soil  investigations,  in  the  effect  it  would  - 
have  on  the  soil  and  crop. 

The  effect  of  organic  matter  in  retarding  the  rate  of  flow  and  making 
the  soil  more  retentive  of  moisture,  is  much  more  apparent  than  the 
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rearrangement  of  the  soil  grains.  If  a  filtered  extract  of  stable 
manure  is  poured  on*  to  a  soil  contained  in  a  glass  tube,  the  organic 
matter  will  be  precipitated  in  light,  flocculent  masses  within  the  soil, 
and  the  liquid  will  run  through  quite  colorless.  If  the  coarse,  sandy 
soil  of  the  sand  hill  formation  in  South  Carolina,  or  of  the  truck 
lands  in  Maryland,  are  to  be  improved,  there  is  nothing  so  good  as 
stable  manure  to  apply  to  the  land,  especially  if  the  soil  is  already 
quite  deficient  in  organic  matter,  as  is  usually  the  case.  If  a  quantity 
of  such  a  soil  be  placed  in  a  glass  tube  with  a  cloth  tied  over  the 
under  end,  and  a  filtered  extract  of  stable  manure  poured  on  the  soil, 
the  liquid  will  pass  through  quite  colorless,  and  the  rate  of  movement 
will  get  slower  and  slower  until,  if  sufficient  organic  matter  is  used, 
the  soil  can  be  made  quite  impervious  to  water. 

The  precipitation  of  the  organic  matter  from  solution,  and  the 
segregation  of  the  solid  matter  into  light,  flocculent  masses,  can  be 
watched  through  a  microscope  focused  against  the  side  of  the  tube. 

If  coarse,  sharp  building  sand  is  used,  the  organic  solution  may 
pass  through  unaffected,  but  if  lime  or  some  other  fertilizing  mate- 
rials are  added  to  the  sand,  the  precipitation  occurs  as  in  a  soil  proper. 
If  the  lime  is  mixed  with  the  upper  inch  of  sand,  this  will  assume 
the  dark  appearance  of  a  soil  resting  on  a  light,  sandy  subsoil,  with  a 
sharp  line  of  demarkation  between  them,  so  that  in  such  a  soil,  natu- 
rally deficient  in  lime  and  iron  compounds,  an  application  of  lime  or 
of  some  similar  substance  which  coagulates  the  organic  matter  would 
be  necessary  to  bring  out  the  full  effect  of  the  organic  manuring. 
As  a  matter  of  fact,  there  is  no  soil  which  responds  so  readily  to 
lime  as  these  light,  sandy  lands,  when  sufficient  organic  matter  is 
addedjOr  is  present,  for  the  "  lime  to  act  on." 

The  lime  precipitates  the  nitrogenous  matter  of  the  stable  manure 
from  solution,  and  in  this  case,  at  any  rate,  it  is  this  coagulated  nitroge- 
nous matter  which  makes  the  soil  more  retentive  of  moisture,  and  it 
is  this  nitrogenous  matter,  alone,  of  all  forms  of  organic  matter,  which 
is  valued  as  a  fertilizing  material.  There  seems  no  reason  to  doubt 
that  if  the  carbo-hydrates  were  readily  precipitated  from  solution  in 
these  light,  flocculent  masses  that  they  would  have  the  same  effect  in 
retarding  the  rate  of  flow  of  water  through  soils 'and  in  making  the 
soil  more  retentive  of  moisture,  and  that  they  would  then  have  nearly 
the  same  agricultural  value. 

Many  organic  substances  can  be  coagulated  or  precipitated  from 
solution  by  lime  or  various  alkaline  or  saline  bodies,  while  others 
would  not  be  affected  by  these,  but  would  be  coagulated  by  acids  and 
a  different  class  of  material.  With  this  view  of  the  matter,  therefore, 
it  would  not  be  expected  that  different  forms  of  organic  matter  would 
have  the  same  effect  on  the  same  soil,  or  that  the  same  kind  of  organic 
matter  would  have  the  same  effect  on  different  soils.    This  view  of 
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the  matter  makes  it  evident  why  stable  manure  and  lime  have  always 
been  given  a  value  out  of  all  proportion  to  the  amount  of  plant  food 
which  they  contain,  and  why  a  comparatively  small  application  of 
these  and  other  fertilizing  materials  often  has  an  effect  on  the  crop 
out  of  all  proportion  to  the  plant  food  they  contain. 

Some  experiments  have  been  carried  on  to  study,  this  effect  of  fer- 
tilizers on  the  movement  of  water  through  soils,  both  in  the  labora- 
tory and  in  the  field.  In  the  laboratory,  8-inch  Argand  lamp  chim- 
neys have  been  used,  2  inches  in  diameter.  A  subsoil  containing  26 
per  cent,  of  clay  has  been  used  in  most  cases,  and  a  depth  of  6  inches 
with  50  per  cent,  by  volume  of  empty  space.  In  the  field  work  the 
fertilizers  were  thoroughly  mixed  with  the  soil  to  a  depth  of  6  inches, 
and  samples  will  be  taken  in  the  undisturbed  subsoil  from  below  this 
for  the  actual  determination  of  the  rate  of  flow  of  water  several  times 
during  the  growing  season.  The  work  has  not  progressed  far  enough 
to  be  discussed  in  detail  in  this  report,  but  it  is  giving  very  interest- 
ing results,  and  showing  a  very  marked  effect  of  fertilizers  on  the  re- 
lation of  soils  to  water. 

One  interesting  fact  brought  out  in  these  laboratory  experiments  is 
that  when  successive  quantities  of  water  are  passed  through  a  soil  in 
a  tube  the  rate  becomes  slower  and  slower.  In  one  case,  with  47  per 
cent,  by  volume  of  empty  space  in  the  soil,  the  rate  decreased  from  57 
minutes  to  169  minutes  when  eight  successive  quantities,  of  100  cubic 
centimeters  of  water  each,  had  been  passed  through.  Another  time, 
with  50  per  cent,  by  volume  of  empty  space,  the  rate  decreased  from 
1%  minutes  to  265  minutes  when  eighteen  successive  quantities,  of  100 
cubic  centimeters  of  water  each,  had  been  passed  through.  When  a 
filtered  extract  of  stable  manure  was  passed  through  a  similar  lot  of  soil 
the  rate  decreased  to  about  2,000  minutes  after  six  successive  quanti- 
ties of  the  extract  had  passed  through,  and  the  rate  became  so  slow 
that  the  work  could  not  be  carried  further.  Lime  or  muriate  of  pot- 
ash when  added  to  the  soil  alone  had  little  effect  on  the  rate  of  flow, 
but  seemed  to  increase  it  a  little.  When  lime  was  added  to  the  soil 
and  an  extract  of  organic  matter  then  passed  through,  the  rate  at  first 
was  slower  than  when  the  lime  had  not  been  added,  but  it  did  not  de- 
crease as  rapidly  when  successive  quantities  of  organic  extract  had 
been  passed  through,  and  lime,  acid  phosphate,  and  kainite  seemed  to 
prevent  the  very  marked  effect  of  the  organic  matter  alone ;  so,  while 
lime  or  some  similar  substance  is  necessary  to  bring  out  the  effect  of 
organic  matter  in  a  sharp  building  sand,  still,  in  the  presence  of  lime 
and  in  this  soil  containing  26  per  cent  of  clay  and  presumably  a  con- 
siderable amount  of  iron  compounds,  the  organic  matter  did  not  have 
nearly  as  much  effect  on  the  soil  when  lime  was  present  as  when  it 
was  applied  alone.  It  would  seem  that  there  must  be  some  such  dif- 
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ference  to  explain  the  dilfference  in  the  effect  of  lime  on  stiff,  heavy 
clays,  and  on  light,  sandy  soils. 

Dried  blood,  dried  tankage,  dried  fish,  and  cotton-seed  meal  all  had 
a  very  marked  elffect  in  retarding  the  rate  of  flow.  Ammonium  sulphate 
decreased  the  rate,  but  not  very  much;  nitrate  of  soda  decreased 
the  rate  very  remarkably,  and  made  the  soil  almost  impervious  to 
water.  This  can  hardly  be  due  to  a  precipitation,  as  in  the  case  of  the 
organic  matter,  and  must,  probably,  be  due  to  a  rearrangement  of  the 
soil  grains,  as  in  the  case  of  ammonia. 

These  results  are  preliminary  and  are  not  sufficient  for  a  detailed 
discussion,  but  they  certainly  point  out  a  very  remarkable  effect  of 
these  fertilizing  materials  on  the  texture  of  the  soils  and  the  relation 
of  soils  to  water,  and  point  out  a  line  of  work  which  will  be  necessary 
for  the  interpretation  of  the  results  of  plot  experiments,  and  for  work- 
ing out  the  true  theory  of  fertilization. 

The  soil  appears  to  a  casual  observer  as  a  coarse  and  inert  mass, 
popularly  known  as  "earth"  or  "dirt";  it  seems  hardly  as  though  it 
could  be  affected  by  any  simple  change  of  conditions.  It  is,  on  the 
contrary,  extremely  sensitive  to  even  unappreciable  changes  of  con- 
ditions, and  the  relation  of  soils  to  water  is  so  extremely  sensitive 
that  there  is  little  wonder  that  the  soil  is  often  injured  by  injudi- 
cious treatment,  but  the  wonder  is  that  it  is  not  more  often  ruined 
by  the  treatment  it  receives. 

In  this  moisture  work  it  is  extremely  difficult  to  fill  the  same  tube 
twice  over  with  a  similar  soil  and  the  same  amount  of  empty  space, 
and  have  the  flow  of  water  agree  closely,  and  this  is  the  more  difficult 
the  heavier  the  soil  is.  If  the  soil  is  moistened  before  being  loaded 
into  the  tube  the  rate  of  flow  of  water  will  be  quicker  up  to  a  certain 
point  with  the  amount  of  moisture  the  soil  contained,  showing  that 
the  grains  had  a  different  arrangement,  and  that  the  fine  grains  of 
clay  were  held  more  closely  against  the  larger  grains  of  sand. 

The  following  results  show  this  very  plainly,  the  same  kind  of  soil 
was  used  in  all  cases  and  contained  about  26  per  cent,  of  clay,  the 
same  tube  was  also  used.  Three  hundred  and  fifty  grams  of  soil  were 
mixed  with  the  requisite  amount  of  moisture  and  loaded  into  the  tube 
so  that  it  should  be  6  inches  deep  and  contain  47.4  per  cent,  of  empty 
space.    The  soil  was  then  saturated  and  the  rate  of  flow  observed. 
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There  is  a  limit  to  this,  of  course,  for  when  the  soil  contained  too 
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much  water  the  grains  were  pushed  out  and  the  water  went  through 
much  more  slowly. 

The  rate  of  flow  becomes  much  slower  if  the  soil  is  left  standing  in 
the  tube  for  a  few  days.  Then,  unless  just  the  proper  amount  of 
empty  space  is  left  in  the  soil,  the  soil  will  either  swell  or  contract 
when  it  is  saturated  with  water.  Even  in  the  determinations  of  the 
flow  in  the  soil  in  its  natural  condition  in  the  field,  if  the  sample  is 
taken  when  the  soil  is  dry  it  will  often  swell  somewhat  after  it  is 
imbedded  in  the  parafline  and  saturated  with  water. 

These  changes  are  extremely  subtle  and  it  is  impossible,  oftentimes, 
to  detect  any  reason  for  the  change.  The  addition  of  pure  water  or 
of  fertilizing  material  may  often  change  the  rate  of  flow  to  a  very 
remarkable  extent.  This  whole  work  indicates  that  instead  of  being 
an  inert  mass  the  soil  is  extremely  sensitive  to  all  changes  of  con- 
ditions and  is  full  of  life  and  movement. 

If  these  forces  can  be  directed  and  controlled  they  are  amply  suf- 
ficient to  bring  about  any  desired  change  in  the  arrangement  of  the 
soil  grains,  and  of  the  texture  of  the  soil,  and  it  remains  to  find  out 
how  these  conditions  can  be  most  successfully  controlled,  or  how  best 
to  take  advantage  of  them  in  the  improvement  of  the  land. 

A  METHOD  FOR  THE  DETERMINATION  OF  MOISTURE  IN  THE  SOIL. 

It  is  extremely  desirable  that  a  method  be  devised  for  the  determi- 
nation of  the  moisture  in  the  soil,  without  removing  a  sample  from 
the  field. 

A  method  which  has  given  promise  of  good  results  is  based  on  the 
changing  electrical  resistance  between  two  plates,  permanently  buried 
in  the  soil,  with  the  changing  moisture  content.  But  it  seems  to  be 
impossible  to  secure  good  contact  between  the  soil  and  the  plates. 

The  method,  as  first  devised,  consisted  of  burying  alternate  plates 
of  zinc  and  copper  in  the  soil,  and  reading  the  deflections  of  a  gal- 
vanometer when  contact  was  made  between  the  zinc  and  the  copper 
plates.  The  deflections  were  far  greater  when  the  soil  was  wet  than 
when  it  was  dry,  but  polarization  took  place  so  rapidly  that  satis- 
factory readings  could  not  be  taken. 

After  this,  copper  plates  were  buried  some  distance  apart  and  a 
current  sent  across  from  one  to  the  other  and  the  resistance  measured, 
but  this  also  was  unsatisfactory.  Finally  an  induction  coil  was 
used,  and  a  Wheatstone  bridge  arrangement,  with  a  telephone  instead 
of  a  galvanometer.  Copper  plates  were  at  first  used  to  bury  in  the 
soil,  then  carbon,  and  lastly  mercury,  contained  in  clay  or  in  flat 
porous  cells  such  as  is  used  in  batteries. 

The  plates  are  put  so  far  apart  that  the  resistance  is  about  1,000 
ohms  when  the  soil  is  in  "good  condition"  or  contains  about  8  or  10 
per  cent,  of  water.     As  the  soil  dries  the  resistance  increases  up  to 
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1,500  or  2,000  ohms,  and  when  it  is  saturated,  after  long  continued  rains, 
the  resistance  falls  to  about  200  ohms.  The  resistance  regularly  falls 
with  increasing  temperature,  but  the  effect  is  far  greater  than  for  any 
known  temperature  coefficient. 

When  the  plates  are  inclosed  in  sealed  jars  so  that  the  water  con- 
tent remains  constant,  the  resistance  is  constant  for  any  temperature, 
even  after  the  plates  have  remained  undisturbecl  for  a  year  or  more. 
When  the  water  content  changes,  however,  the  resistance  gradually 
increases,  so  that  when  the  soil  is  repeatedly  wet  and  dried  the  re- 
sistance becomes  much  higher  for  any  given  condition  of  tempera- 
ture and  moisture. 

It  appears  that  the  soil  moves  away  from  the  surface  of  these 
foreign  bodies.  The  soil  presses  against  the  plates  with  increasing 
temperature,  and,  the  contact  being  better,  the  resistance  is  lower ; 
as  the  temperature  falls,  however,  the  soil  is  withdrawn  and  the  re- 
sistance rises.  With  changing  moisture  content  the  soil  gradually 
compacts  within  itself  and  pulls  away  from  the  plates,  and  the  re- 
sistance gradually  increases. 

In  pot  culture  where  the  soil  is  contained  in  glass  jars  the  soil  be- 
comes more  compact  and  pulls  away  from  the  glass  sides  of  the  jar, 
leaving  a  considerable  space  between  the  soil  and  the  sides  of  the  jar. 
This  is  not  so  noticeable  with  porous  earthenware  pots,  so  it  was 
thought  that  possibly  the  form  or  nature  of  the  surface  of  the  foreign 
body  had  something  to  do  with  this  movement,  and  it  was  for  this 
reason  that  carbon  plates  were  substituted  for  copper.  Such  plates 
have  been  buried  now  for  a  year,  and  the  resistance  does  not  seem  to 
have  permanently  increased,  but  every  day  the  resistance  rises  and 
falls  with  changing  temperature,  as  will  be  shown  in  the  accom- 
panying table. 

It  was  thought  that  this  movement  might  only  occur  at  the  surface 
of  the  foreign  body,  and  it  was  attempted  to  imbed  these  carbon 
plates  in  clay  and  burn  them  in  a  porous  tile.  This  could  not  read- 
ily be  done,  however,  and  then  mercury  was  tried;  first,  by  moulding 
a  form  of  a  plate  in  the  soil,  in  moulding  sand,  or  in  clay,  but  much 
trouble  was  found  in  the  liquid  filtering  down  into  the  soil.  The 
mercury  was  then  put  into  flat,  porous  cells,  and  these  were  buried  in 
the  soil,  but  these  also  show  the  effect  of  changing  temperature.  As 
it  has  been  shown  in  another  way  that  the  soil  actually  moves  away 
from  these  foreign  bodies  and  that  this  movement  may  continue  for 
a  long  time,  if  the  movement  is  followed  up,  it  is  evident  that  the 
mercury  would  give  no  better  results  if  put  directly  in  the  soil  than 
the  carbon  plates  have  given.  There  was  this  advantage  in  using 
the  mercury  instead  of  a  rigid  plate,  that  the  mercury  would  follow 
the  movement  of  the  soil  and  maintain  good  contact.  We  have  found, 
however,  that  with  any  yielding  substance  of  this  kind  the  movement 
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would  continue,  and  the  indication^  are  that  the  soil  would  contract 
or  move  away  indefinitely  from  the  foreign  substance. 

There  seems  to  be  no  way  to  overcome  this  difficulty  or  to  secure 
good  contact  with  the  soil,  and  it  seems  as  though  for  this  reason  the 
method  could  not  be  perfected,  but  the  indications  it  has  given  of 
this  movement  in  the  soil  are  of  very  great  interest  and  value,  and 
perhaps  quite  as  important  as  the  method  itself  would  have  been. 

The  accompanying  table  gives  the  readings  for  about  three  months 
of  a  series  of  carbon  plates  which  were  buried  in  the  soil  about  a 
year  before  these  readings  were  taken.  There  are  three  plates  con- 
nected together  on  each  side,  each  plate  being  3  by  12  inches,  and 
the  two  sets  of  plates  were  buried  about  18  inches  apart,  the  top  of 
the  plates  being  two  inches  below  the  surface  of  the  ground.  Rather 
more  than  the  average  amount  of  rain  fell  during  this  time  and  the 
soil  has  been  unusually  moist.  During  a  prolonged  drought  the  re- 
sistance of  these  plates  would  probably  go  up  to  1,500  or  2,000  ohms. 

Actual  determinations  have  been  made  for  part  of  the  time  of  the 
amount  of  moisture  in  the  soil,  and  the  temperature  of  the  soil  as 
well  as  the  principal  meteorological  conditions,  but  these  are  not 
given  as  they  are  hardly  necessary  in  the  present  stage  of  the  work. 
The  important  point  to  be  worked  out  first  is  to  secure  the  proper 
contact  between  the  soil  and  plates  and  to  overcome  the  extreme 
sensitiveness  of  this  system  to  the  natural  movements  within  the  soil. 

Electrical  resistance  of  the  soil  in  ohms. 
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A  MOVEMENT  OF  SOIL  GRAINS. 

As  it  seemed  probable  from  the  variations  in  the  electrical  resistance 
of  the  soil  that  there  was  a  movement  of  the  soil  grains  this  matter 
was  made  the  subject  of  experimental  investigation. 

A  thin  rubber  ice  bag  with  a  capacity  of,  approximately,  1,000  cubic 
centimeters,  was  securely  fastened  to  a  rubber  stopper  bearing  a  60 
cubic  centimeter  separating  funnel  for  the  admission  of  water,  and 
a  small  tube,  with  an  internal  diameter  of  about  3  millimeters,  which 
projected  about  2  inches  above  the  surface  of  the  ground,  and  was 
then  bent  horizontally  for  about  18  inches  in  length,  and  was  grad- 
uated the  whole  extent  into  eighths  of  an  inch. 

The  rubber  bag  was  about  one-third  filled  with  water  and  buried  in 
the  soil,  the  soil  being  pressed  around  the  bag  so  as  to  force  the  water 
up  into  the  small  tube.  The  tube  being  horizontal  maintained  a 
constant  pressure  whether  the  bag  expanded  or  contracted,  and  when 
the  water  fell  in  the  tube,  as  it  did  almost  every  day,  water  was  added 
through  the  separating  funnel.  This  arrangement  insured  a  constant 
pressure  in  the  bag,  and  if  there  was  any  tendency  for  the  soil  to 
move  away  the  bag  would  expand  and  follow  it.  The  bag  was  buried 
in  about  200  pounds  of  soil  contained  in  a  large  tub  and  was  kept  in 
one  corner  of  the  laboratory  in  the  house  in  Clifton,  w^hich  is  very 
solidly  constructed.  The  soil  was  a  mixture  such  as  would  be  used 
in  greenhouse  work.  There  was  no  convenient  way  of  determining  the 
quantity  of  water  in  the  soil,  so  it  was  watered  from  time  to  time  and 
was  kept  in  a  fair  condition  for  a  growing  plant. 

This  apparatus  has  been  standing  for  nearly  4  months,  and  nearly 
every  day  water  has  to  be  added  through  the  separating  funnel  to 
bring  the  level  in  the  tube  to  the  zero  mark.  It  is  set  every  morning 
and,  as  a  rule,  the  water  gradually  rises  during  the  day  and  begins  to 
fall  in  the  afternoon  and  continues  to  fall  during  the  night. 

The  movement  is  not  constant,  but  seems  to  depend  on  meterologi- 
cal  conditions.  During  a  long  rainy  spell  the  water  in  the  tube  is 
generally  beyond  the  zero  point,  and  often  during  such  periods  it 
remains  beyond  the  zero  point  for  several  days  at  a  time ;  when  the 
weather  clears,  and  especially  when  there  is  a  sudden  change  to  clear 
cold  weather,  the  liquid  falls  in  the  tube  very  rapidly.  Indeed,  this 
movement  is  so  extremely  sensitive  that  it  is  frequently  noticed  that 
a  change  to  stormy  or  fair  weather  could  usually  be  depended  on  by 
the  indications  of  this  movement,  often  a  day  or  two  in  advance  of 
the  actual  change;  that  is,  when  the  level  of  the  liquid  in  the  tube 
was  over  the  zero  mark  persistently  in  fair  weather,  dull,  rainy 
weather  would  nearly  always  follow  within  a  day  or  two.  On  the 
other  hand,  in  continued  dull,  rainy  weather,  with  no  apparent  signs 
of  clearing,  the  level  of  the  liquid  in  the  tube  would  very  often  begin 
to  fall  perhaps  a  day  or  two  before  the  actual  change  occurred. 
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It  was  believed  that  these  changes  were  dependent  upon  meteoro- 
logical conditions,  and  there  were  indications  both  here  and  in  the 
variation  of  the  electrical  resistance  af  the  soil  which  seemed  to  show 
that  this  movement  was  largely  dependent  upon  the  changing  atmos- 
pheric pressure  as  well,  of  course,  as  upon  changing  temperature. 
There  seems  to  be  no  very  simple  relation,  however,  between  the  move- 
ment of  the  soil  grains  and  the  readings  of  the  ordinary  meteorologi- 
cal instruments,  but  still  there  does  seem  to  be  a  relation  between  the 
movement  of  these  soil  grains  and  climatic  changes. 

One  source  of  error  which  would  hide  any  such  close  relation  is  in 
the  extreme  sensitiveness  of  the  apparatus.  At  first,  at  any  rate,  be- 
fore the  soil  became  very  compact  in  the  tub,  any  one  walking  across 
the  floor  in  the  vicinity  of  the  tub,  or  the  least  touch  of  a  finger  on 
the  side  of  the  tub,  or  a  clap  of  thunder  that  would  jar  the  tub,  could 
be  J)lainly  recognized  in  their  effect  in  the  fall  of  the  liquid  in  the 
tube.  After  the  first  few  days  the  effect  of  this  was  hardly  apprecia- 
ble, but  still  it  is  impossible  to  say  what  effect  they  continued  to 
have.  A  similar  arrangement  was  buried  in  the  soil  of  the  field  when 
this  work  was  first  started  in  South  Carolina,  but  this  was  found  also 
to  be  so  extremely  sensitive  as  to  be  affected  by  a  footstep  even  a 
considerable  distance  away.  The  level  of  the  liquid  in  the  tube  would 
rise  and  fall  with  the  pressure  of  the  foot  on  the  ground. 

When  the  apparatus  was  first  set  up  the  level  of  the  liquid  fell  very 
rapidly  whenever  water  was  added  to  the  soil,  and  it  was  believed  that 
the  repeated  changes  in  moisture  content  was  really  the  principal 
cause^of  the  movement.  As  the  soil  became  more  compact,  however, 
it  was  found  that  water  could  be  added  to  the  soil  without  materially 
affecting  the  level  of  the  liquid  in  the  tube.  This  was  rather  unex- 
pected, as  the  movement  still  continued  from  other  causes. 

Fearing  that  the  rubber  sack  which  had  been  used  in  this  instru- 
ment was  rather  thin,  and  that  water  was  liable  to  get  through  the 
sides  in  one  way  or  another,  some  other  bags  were  made  to  order  out 
of  heavy,  pure  rubber  cloth.  The  bags  have  a  capacity  of  about  500 
cubic  centimeters,  and  were  tested  for  several  days,  as  was  the  other, 
in  fact,  before  being  set  up.  This  apparatus  was  put  in^o  a  very  large, 
wide-mouthed  glass  packing  bottle,  and  was  put  down  in  the  base- 
ment, on  a  wide  stone  window-sill,  where  it  was  supposed  it  would  be 
perfectly  free  from  jar  or  disturbance  of  any  kind,  as  the  walls  of  the 
building  are  about  two  feet  thick. 

The  jar  is  fitted  with  a  manometer,  and  arranged  so  that  the  tem- 
perature or  pressure  can  be  varied  at  will,  to  study  the  effect  of  these 
conditions  on  the  movement.  The  soil  was  put  in  aii:-dry,  being 
pressed  around  the  bag  as  before  until  the  liquid  rose  into  the  tube. 

The  apparatus  has  been  set  up  for  very  nearly  two  months,  and  the 
soil  has  not  been  watered  during  this  time.    The  movement,  however, 
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goes  on  in  this  air-dry  soil  and  the  water  is  constantly  falling  in  the 
tube  as  the  soil  compacts  within  itself  and  the  bag  expands.  The 
level  in  the  tube  regularly  rises  every  day  above  the  zero  point,  and 
falls  in  the  afternoon  and  night.  But  the  total  fall  is  greater  than 
the  rise,  and  water  has  to  be  added  through  the  separating  funnel  to 
bring  the  liquid  in  the  tube  to  the  zero  point.  It  must  be  remembered 
that  the  rise  and  fall  of  the  water  in  the  tube  here  referred  to  is  not 
a  vertical  rise  and  fall  which  would  vary  the  pressure,  but  is  a  hori- 
zontal flow,  so  that  the  pressure  in  the  bag  is  constant. 

This  movement  in  the  dry  soil  will  be  watched  for  a  considerable 
time  before  water  is  added  to  the  soil  or  the  conditions  are  changed 
in  any  way,  for  it  is  a  matter  of  very  great  interest.  Similar  appa- 
ratus will  be  planted  out  in  the  field,  and  the  effect  of  stirring  the 
soil  or  of  cultivation  will  be  studied. 

This  rubber  bag,  while  flexible  and  adapting  itself  to  marked 
changes  of  the  soil,  still  can  not  follow  any  detailed  movement  as  a 
growing  root  could,  or  develop  in  the  line  of  greatest  movement  and  of 
least  resistance,  but  the  whole  side  of  a  bag,  or  a  large  area,  must 
move  together,  and  this  movement  will  depend  upon  the  smallest 
movement  of  the  soil  grains.  It  seems  certain,  however,  that  the  soil 
is  moving  away  from  these  rubber  bags,  and  the  bags  themselves,  un- 
der a  constant  pressure  from  within,  are  slowly  enlarging,  and  that 
the  same  forces  that  cause  this  movement  may  act  in  the  development 
of  roots  through  the  soil,  so  that  it  would  not  be  necessary  to  conceive 
of  a  root  forcing  its  own  way  through  the  hard  subsoil,  as  the  soil 
itself  will  materially  aid  this  development  by  a  movement  away  from 
the  surface  of  the  root.  This  movement  of  the  soil  grains  must  have 
an  import-ant  bearing  on  the  development  of  roots,  through  the  soil, 
and  the  nature  of  the  root  surface  and  the  matter  which  it  exudes  may 
have  an  important  effect  on  the  movement  itself. 

The  accompanying  table  gives  the  readings  of  the  apparatus  in  the 
soil  in  the  tub  for  three  months,  with  the  temperature  of  the  soil,  and 
the  very  complete  meteorological  data  for  March  from  the  records  of 
the  Weather  Bureau  observer  in  Baltimore.  The  meteorological  instru- 
ments are  located  about  2^  miles  in  an  air-line  from  Clifton,  so  that 
the  results  can  not  be  as  directly  applied  as  though  the  observations 
were  taken  closer.  The  readings  of  the  instrument  are  given  in  eighths 
of  an  inch,  which  was  the  graduation  of  the  tube,  and  the  last  column 
gives  the  daily  rise  or  fall  in  the  tube  in  inches.  The  instrument  was 
set  at  8  a.  m.  each  day  by  letting  in  water  through  the  separating 
funnel  to  bring  the  water  in  the  tube  to  the  zero  mark,  but  when  the 
water  was  already  beyond  this  point  the  instrument  was  not  set. 
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Readings  of  the  apparatus  for  three  months. 


March    i. 

2. 

3- 

4- 

5- 
6. 

7- 
8. 

9- 
lo. 

II. 

12. 

13- 
14- 

15- 
i6. 

'T- 
IS. 

'9- 
ao. 

21. 
22. 

23- 
24- 


27- 

38. 

29 
30. 

31- 


April    I. 

2. 

3- 
4- 

5- 
6. 

7- 
8. 

9' 

10. 

II. 

12. 

13. 
14. 

S: 

17- 
18. 
19. 
20. 
21. 
22. 
23. 

24- 

25- 

26. 

S: 

29. 
30. 


Date. 


Mean 

Total  (all. 


Date. 


Mean 

Total  fall 


Temperature  of  soil 


ai 


( degrees  F. ). 


8a.in. 


59 
60 

59 

59 

57 
61 

62 

60 
57 
59 
57 
57 
57 
57 
55 
55 
55 
55 
53 

59 
61 

62 

62 

62 

58 
61 

60 

62 

58.6 


I  p.m.  8  p.m. 


62 
60 
62 
64 
59 
60 
62 

64 

65 
6r 
60 


59 
61 
61 
58 
58 
S6 
58 

59 
62 

64 

63 
62 

61 

62 

63 
64 

61 


59 


64 
64 
60 
62 

64 

65 
66 

64 
62 

58 
58 
60 
61 
62 
56 
59 
58 

I? 

i^ 
64 

66 

64 
61 

64 

64 
62 


Reading  of  instrument. 


8  a.m. 


o 

—  5 
— 22 

—17 

-7 
-78 

-f  7 
— 10 

—13 

'I 


I  p.m. 


+ 

+ 


— 20 

—  9 

—43 
—16 

+23 
+10 

—  I 


-78 
—30 
-32 
+  7 

—  7 
—13 
-13 
—52 

—55 

-17 
—23 

—  9 


3 
4 
6 

5 

2 

I 

3 

—  I 

—  3 

—  I 

—  4 

—  II 

—  2 
o 

4-  20 

+    4 

—  14 


+    2 

—  8 

+  \ 

—  7 
-136* 

—  7 

—  8 

—  12 

—  5 
o 

—  5 


8  p.m. 


Rise  or 

foil 
(inches). 

8  a.m.  to 
8  a.m. 


—  1 


— 10 

—  2 
-j-  2 
--II 

"4 
•\-  I 

—  9 

—  2 

—  3 

II 

— 10 
+  2 

—15 
— 10 

+15 
H-  2 

—  I 
—26 
—27 

—  2 

—  4 
+11 
— 10 


2.90 
).87 


(24.75  ««•) 


—  1-37 

—  1. 00 

-^  3-25 

—  2.00 

—  1-47 

—  12.00 

—  2.' 
+  o. 

—  2.12 

—  1.62 

—  8.87 

—  2.50 

—  1. 12 

—  5-33 

—  2.00 

-f  3-62 

—  1.62 

—  1-37 

—  59-00 

—  12.00 

—  3-75 

—  4.00 

4-  0.85 

—  1.75 

—  1.62 

—  18.36 

—  6.50 

—  6.90 

—  2.13 

—  2.87 
— •  1. 12 

—  5-32 
— 165.00 


'''*"{8l^le8Vo*'"'  '  Reading  of  instrument. 


8  a.  m. 


62 
66 

69 
71 
70 

70 
66 

64 
62 

55 
53 
57 
59 


58 
59 
58 
63 

63 
61 

63 
64 
64 
62 
60 

63 
66 

66 
62.4 


I  p.  m.  8  p.  m.  8  a.  m.  i  p.  ra.  8  p.  m 


65 

67 

71 

71 
70 

70 

68 

66 

63 
55 
50 

59 
60 

62 
61 
61 
60 
62 
66 
64 
64 
64 
68 
67 
65 
63 

% 

67 
66 

64-3 


67 
68 

71 
71 
71 
67 
67 
66 
60 
55 

59 
62 

58 

64 
61 
62 
60 

67 
66 

64 
64 
65 
65 
67 
64 
63 
65 
67 
69 
65 


.1- 


64.6 


—26 

—82  I 

—34  I 
— »4  I 

—26  ] 

—20  j 

-55 
—68 

0» 

—15 

—23 

-12 

—25 

—  17 

—  6 

—  7 
—17 

—  4 
— 12 

—  5 
—19 
— II 


t 


+r 

—17 1 

—  2 1 

—  7 

—  6  I 

2 

4  ! 
o  I 

—  7 

—  I  I 
o 

—  7  I 

o 

—  3  I 
o  I 

±ii 

o 

I 

II 

16 

—  I 


I 


o 

-29 

—14 

—  6 

x\ 

—24 

—II 

—  I 
I 

5 
o 

4 
9 
3 
5 
4 
-f-io 

H-ii 

4-i8 

+15 


+ 


X 


( 10. 58  cc, ) 


Rise  or 
( inches ). 

8  a.  m.  to 
&  a.  m. 


-i. 


—  3-25 

—  0.12 

—  4-75 
+  1-25 
—10.25 

—  4-25 
—10.50 

—  3-25 

—  2.50 
r.oo 

.40 
+  1.25 

4-  0.37 

—  o.b7 

—  1.87 

—  2.87 

—  1.50 

—  3.12 

—  2. 

—  o. 

—  o. 

—  2. 

—  o. 

—  I. 

—  o. 


12 
75 

■93 
12 

50 

50 
.62 

-  2.37 

-  1-37 
4-  1.50 
+  2.37 

—  2.25 

—  2.35 
—70.59 


•Added  Vater  to  soil. 
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Headings  of  the  apparatus  for  three  months — Continued. 

nperalure  of  i 
( degrees  F. ). 


Date. 


'^^'?K^r«!l«V^^^'*    I  Reading  Of  instrument,    ^'f^X^ 

(inches ). 


*  Added  water  to  soil. 
Meteorolttgical  data  from  the  station  at  Baltimore  far  March,  1892. 

Pressure.  i 


Temperature. 


Relative  humid-    Absolute  humidity, 
i  ty.  ,  grains  per  cubic  foot. 


Date. 


oe 

CO 


Inches. 

1 29. 80 

2 '  30.09 

3 30-15 

4 ,  3001 

5 '  29-85 

6 30. 00 

7 30-00 

8 '  29.61 

9 29.44 

10 ]  29.66 

II....  29.92 

12 30-00 

13 30.03 

14 30-30 

15 30-41 

10 <  30.40 

17 30-38 

iS 29.82 

19 29.91 

20 30.17 

21 30.53 

22 30.54 

23 30.03 

24 30.24 

25 30-17 

26 29.94 

27 29. 46 

28 29.95 

29 30-29 

30 30-33 

31 30-26 


P. 

CO 


Inches. 

29.97 

30.22 

30.06 

29.86 

29.87 

29.96 

29.92 

29.32 

29.61 

29- 73 
30.02 

29.88 

30.07 

30-31 
30-34 
30.33 
30-15 
29.69 
29.90 
30-30 
30-52 

30-31 
29.98 

30-15 
30-05 

29-75 
29.65 
30.09 
30.26 
30-  23 
30-37 


p 


'  Inches. 
29.88 
30.16 
30.10 
29.94 
29-86 
29.98 
29.96 
29.46 
29.52 
29-70 
29.97 
29-94 
30-05 
30.30 
30-38 
30-36 
30.26 
29.76 
29.90 
30.24 

30.52 
30.42 
30.00 
30-20 
30.  II 
29-84 
29.56 
30.02 

30.  2S 
30.28 
30-32 


E 

• 

• 

0. 

CO 

00 

c 

i 


c 

c; 


35.1 

34.0 

29- 5 

31.0 

31-0 

38.0 

38-5 

48.0 

41. 1 

34.5 

34.0 

41-0 

37.5 

46.0 

39-5 

44.0 

41.0 

50-0 

41-5 

33- 0 

21.0 

28.5 

29.0 

35-0 

24.0 

25-9 
22.8 
25.0 

27-3 
24. 1 

29. 1 

22.0 

26.5 

41.5 

38 

41 

44 

44 

40.8 

39-9 
37-9 
39-6 


49. 

31- 
29- 
33- 
29. 

25- 
30- 
34- 
34- 
31- 
37- 

5'- 
42. 

50- 

44. 

39- 
44.0 

43- o 

44-5 
40.0 


5 

o 

.0 

5 
5 
o 

0 

5 

o 

.0 

o 

0 
0 

o 
o 
0 


D 

0 

37 

34 

32 

30 

43 

28 

55 

35 

42 

34 

46 

32 

57 

34 

47 

39 

54 

38 

50 

33 

32 
61 

20 

25 

36 

30 

34 

24 

35 

25 

31 

23 

27 

24 

31 

24 

39 

23 

38 

29 

34 

21 

38 

23 

65 

37 

50 

35 

56 

34 

48 

43 

44 

39 

50 

39 

53 

3b 

47 

35 

42 

39 

36 

31 

36 

45 
38 

39 
46 

43 
46 

42 
26 

43 
33 
29 
30 
27 

25 

28 

31 
34 
28 

30 
51 
42 

45 
46 
'42 
44 
44 
41 
40 


c; 

00 


Pr.ct. 

99 
90 

74 
52 
88 
67 
66 
96 
100 
96 
59 
57 
72 

50 
53 
93 
63 
89 
62 
62 
60 
72 
92 
53 
71 
78 
100 
68 
52 
42 
90 


CO 


c 


ee 

(A 


Pr.ct.  Pr.ci' 


95 
90 

62 

66 

86 

53 

65 
96 

55 
80 
62 
52 
95 
78 
58 
68 
100 
&4 
58 

53  ! 

54  I 
74  I 
62 

69 

55 
100 

96 
63 
74 
52 
100 


97  ' 

90 

68 

59 
87 
60 
66 
96 

78 
88 
60 
54 
84 
64 

5^ 
80 

82 

86 

60 

58 

57 

73 

77 

61 

62 

89  j 

98 

63 ! 
47 
95  ■ 


2-379 


.074 
476 

415 

563 
1.540 

I 

2 


745 

659 
2.967 

2.862 

.806 

1.090 

1-745 
•772 
.87S 

1-355 

■999 

1.540 

•957 
I- 190 

-841 

T.190 

2.862 

1-415 
2.208 

2-563 
3-306 
2.046 
1.540 
1.138 
2.563 


CO 


2.  120 

1. 817 

1.674 

2.563 
•I.  9^9 

1. 60S 

2.379 
3-189 
2.292 
1.817 

1-138 
2.  126 
1.892 
1.476 
1.298 
1.298 
1.606 
i.6o5 

1-415 
1-243 
1.090 

1.892 
2.659 
2.208 
2.292 
3-306 
2.659 
2.126 

2-379 
1. 817 

2.862 


c 


2.2^2 
1.746 

1-575 
1.9S9 
2.266 

1-57.^ 
2-062 

2.924 
2.630 
2.340 

-972 
1. 610 
1. 818 
1. 124 
1.088 
1.326 
1.30^ 

1-57S 
1.180 

1. 216 

.966 

1-541 
2-701 
1.812 
2.250 

2-934 
2.982 
2.0S6 
1.460 

1.479 
2.712 


K*^ 
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LETTER    OF  TRANSMITTAL. 


U.  8.  Department  op  Agriculture, 

Weather  Bureau, 
Washington^  D.  C,  August  15,  1892. 

Bib  :  I  have  the  honor  to  transmit  herewith  a  report  on  "  Observa- 
tions and  Experiments  on  the  Fluctuations  in  the  Level  and  Rate  of 
Movement  of  Ground-Water  on  the  Wisconsin  Agricultural  Experi- 
ment Station  Farm  and  at  Whitewater,  Wis.,"  by  Prof.  F.  H.  King, 
of  the  University  of  Wisconsin,  and  to  recommend  its  publication  as 
Weather  Bureau  Bulletin  No.  5.  In  this  connection  I  would  state 
that  this  is  the  third  paper  of  a  series  on  the  relations  of  soils  to 
meteorology,  the  object  of  which  is  to  elicit  information  from  spe- 
cialists, rather  than  to  indicate  the  views  held  by  the  Department  on 
the  subjects  treated. 


Very  respectfully, 


Hon.  J.  M.  Rusk, 

Secretary  of  Agriculture. 


Mark  W.  Harrington, 
Chief  of  Weather  Bureau. 
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OBSERVATIONS  AND  EXPERIMENTS  ON  THE  FLUCTUATIONS 
IN  THE  LEVEL  AND  RATE  OF  MOVEMENT  OF  GROUND- 
WATER ON  THE  WISCONSIN  AGRICULTURAL 
EXPERIMENT  STATION  FARM  AND  AT 
WHITEWATER,  WISCONSIN. 


FIRST   OBSERVATIONS. 

When  the  writer  first  became  associated  with  the  Wisconsin  Agri- 
cultural Experiment  Station  in  July,  1888,  there  existed  upon  the 
Station  farm  a  double  row  of  silt  wells,  twenty-four  in  number,  con- 
nected with  a  system  of  drains.     The  ground  immediately  about  these 
wells  was  seeded  to  blue  grass,  and  the  level  of  the  ground-water  had 
fallen  below  the  level  of  the  discharge  pipes  in  many  of  these  wells, 
but  water  still  stood  in  them  at  distances  varying  from  four  to  five  feet 
below  the  surface  of  the  ground.     It  occurred  to  the  writer,  in  August 
of  that  year,  that  these  wells  might  possibly  furnish  an  occasion  for 
ascertaining  whether  the  diurnal  variations  in  the  rate  of  evaporation 
affected,  to  a  measurable  extent,  through  capillarity  or  root  action, 
the  rate  of  downward  retreat  of  the  ground-water  siirf  ace.    Accordingly 
a  record  of  the  height  of  the  water  surface  in  these  wells,  at  6  to  7  a.  m. 
and  5  to  6  p.  m.,  was  kept  during  about  two  weeks,  from  which  it  ap- 
peared that  there  was  a  real  diurnal  change  in  the  water-level,  the 
water  in  most  cases  standing  higher  in  the  morning  than  on  either  the 
preceding  or  succeeding  evening.     That  the  water  should  be  found 
lower  on  the  evening  following  the  morning  was  naturally  anticipated 
on  account  of  the  general  lowering  of  the  water-surface  by  lateral 
drainage  and  the  supposed  possible  lowering  by  upward  flow  through 
the  capillarity  of  the  soil  and  the  pumping  action  of  roots ;  but  the 
general  decided  rise  of  the  water  in  the  majority  of  the  wells  during 
the  night  did  not  appear  in  accord  with  fluctuations  due  directly  to  the 
causes  named.     The  surrounding  topography  and  the  distribution  of 
vegetation  over  the  surface,  at  the  time  the  observations  were  being 
made,  chanced  to  be  such  as  to  suggest  that  possibly  the  rise  at  night 
might  be  due  to  the  large  consumption  of  water  during  the  daytime 
which  resulted  in  depressing  the  level  of  ground-water  in  the  locality  of 
observation  below  the  natural  slope  due  to  drainage,  so  that  the  rise 
during  the  night  was  due  to  hydrostatic  pressure  and  lateral  drainage 
from  the  surrounding  higher  lands  or  from  lands  where  vegetation 

was,  for  the  time  being,  making  less  demands  upon  the  water  in  the 
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soil.  If  this  were  the  true  explanation  of  the  large  fluctuations  ob- 
served, it  might  be  expected  that  those  localities  where  most  water  was 
being  consumed  by  vegetation  would,  other  things  being  similar,  show 
the  largest  diurnal  fluctuations.  To  test  this  phase  of  the  question, 
two  other  wells  were  dug,  one  in  a  field  of  growing  corn  100  feet  to 
the  east  of  the  line  of  wells  in  question  and  the  other  in  a  piece  of 
oat  stubble  the  same  distance  to  the  westward. 

A  comparison  of  the  diurnal  changes  in  the  water-level  of  these 
wells  proved  that  the  fluctua- 
tions were  unequal,  being  largest 
in  the  center  of  the  corn,  smallest 
in  the  oat  stubble,  where  the  least 
evaporation  was  to  be  expected, 
and  intermediate  in  amount  on 
the  margin  of  the  cornfield  un- 
der the  blue  grass,  which  had 
been  cut  and  was  now  short. 
The  measured  fluctuations,  as 
they  occurred  in  the  three  wells, 
are  shown  graphically  in  Fig.  1 
for  six  consecutive  days,  begin- 
ning on  the  morning  of  Septem-  f7o7i.'  Diunml  fluctuation.,  in  wells;  A.  on  mar,;in 
ber  8    1888.  of  corntleld;  B,  on  oat  stubbie;  C,  in  corn. 

While  these  observations  appeared  to  favor  the  view  that  the 
diurnal  fluctuation  of  the  water-level  in  these  wells  might  be  largely, 
if  not  wholly,  due  to  a  relatively  rapid  withdrawal  of  water  from  the 
soil  by  root  action  during  the  day,  the  fact  that  the  water  rose  in  the 
wells  during  the  night  to  a  height  nearly  equal  to  that  which  it  had 
occupied  on  the  morning  of  the  previous  day  could  not  readily  be  ac- 
counted for  by  supposing  that  the  water  surface  was  warped  down- 
ward by  capillary  and  root  action,  because  the  magnitude  of  the 
diurnal  changes  demanded  what  would  appear  to  be  a  much  larger 
consumption  of  water  during  the  day  than  the  mean  rate  of  lowering 
of  the  water-level  appeared  to  warrant. 

The  observations  which  had  been  made  up  to  this  time  showed  con- 
clusively that  the  fluctuations  of  the  ground-water  level  were  really 
very  complex  in  their  character  and  probably  in  their  origin.  It  also 
appeared  to  the  writer  that  if  a  ready  and  accurate  means  of  keeping 
a  record  of  the  fluctuations  of  the  level  of  standing  water  in  the  soil 
could  be  devised,  new  light  might  be  thrown  upon  the  percolation  of 
rain  water  into  soils  of  different  types  which  lysimeters,  from  their 
necessarily  limited  areas  and  artificial  character,  cannot  be  expected 
to  give.  It  was  hoped  also  that  such  observations  might  be  made  to 
throw  some  light  upon  the  distances  below  the  surface  different 
kinds  of  vegetation  were  able  to  utilize  standing  water  in  the  ground. 
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Id  view  of  these  and  other  consideratiooB  it  was  decided  to  dig  a 
Dumber  of  these  wells  in  localities  where  the  distance  froDi  the  sur- 
face to  standing  water,  the  topography,  the  character  of  soil,  and 
kinds  of  vegetation  vary.  Twenty-one  wells  were  dug  which,  together 
with  the  25  silt  wells  already  in  existence,  made  46  in  an  area  about 
1,200  feet  by  1,000  feet  square.  The  wells  varied  in  depth  from  5 
feet  to  26  feet,  and  were  made  by  boriDg  with  a  7-inch  post  auger  pro- 
vided with  an  extension  handle.  The  wells  were  tubed  with  5-inch 
drainage  tile,  surmounted,  at  the  surface  of  the  ground,  with  one 
leDgth  of  &-iDch  glazed  sewer  pipe  provided  with  a  galvanized  iron 
cover  controlled  by  lock  and  key. 

IKeTRUHENT  FOR  MEASURIN'O  CHANGES  IN  LEVEL  OF  WATER  IN  WELLS. 

The  instrument  used  in  measuring  the  changes  in   the   level  of 

ground-water  which  we  shall  first  consider  is  represented  in  Fig.  2, 

and  consists  of  a  chain 

irith  numbered  links  of 

uniform  length, carrying, 

at  its  lower  end,  a  heavy 

poise  and  provided  with 

amicrometerattheother, 

graduated  to  read  thou- 
sandths of  an  inch ;  this 

is  mounted  upon  a  base 

which  can  be  placed  upon 

.the  top  of  the  well  and 

attached  to  any  desired 

link  in  the  chain. 
The  essential  part  of 

the  poise  is  a  hemispher- 
ical button  of  glass  one 

inch  ID  diameter  which 
makes  the  contacts  with 
the  water  surface.  By 
lowering  the  poise  grad- 
ually, uDtil  the  button 
comes  in  contact  with 
the  water,  surface  ten- 
sion, by  drawing  the  wa- 
ter np  on    the    button, 

develops  waves   on    the      „        „,    --:  ,  . ,      ,        ,    , 

water  which,    by   their  leveiorivuUTiuweii*. 

reflection  of  light,  enable  the  moment  of  contact  to  be  readily  noted 
even  in  6-inch  wells  30  feet  deep.  Neither  a  plane  nor  a  conical  sur- 
face of  contact  develops  such  strong  waves  as  does'  the  hemispherical 
form. 


14  FLUCTUATIONS  OF  GROUND- WATER. 

The  micrometer  consists  of  a  central  spindle  provided  with  a  hook 
upon  which  the  chain  may  be  hung.  This  spindle  is  moved  up  or 
down  by  a  hollow  screw  which  slides  over  a  core  graduated  to  tenths 
of  an  inch,  and  the  face  of  the  screw  is  divided  into  *  100  divisions, 
which  enables  distances  of  one-thousandths  of  an  inch  to  be  read  off. 
With  this  instrument  it  has  been  found  possible  to  measure  with  cer- 
tainty changes  of  level  in  the  water  less  than  .03  of  an  inch. 

TOPOGRAPHY  OF  THE  AREA  OCCUPIED  BY  THE  WELLS. 

The  contour  map,  Fig.  3,  will  convey  some  idea  of  the  differences  of 
relief  as  they  exist  in  the  area  under  consideration.  The  hill  shown 
in  the  center  of  the  east  side  of  the  contour  map  rises  to  the  east- 
ward and  attains  a  height  of  111  feet  above  the  lake,  and  then  drops 
down  to  near  the  level  of  Lake  Mendota  about  one  mile  to  the  east- 
ward. To  the  southwest  of  the  map  the  surface  continues  to  rise 
nearly  80  feet  higher  and  constitutes  a  long  ridge  lying  parallel  with 
the  one  above.  The  seconji  hill,  shown  on  the  east  margin  of  the 
map,  is  a  small  knoll  not  extending  farther  beyond  the  boundary  of 
the  area  mapped  than  it  does  into  it. 

The  exact  position  of  all  wells  within  the  area  under  consideration 
is  shown  upon  the  contour  map,  where  they  are  designated  by 
numbers. 

GEOLOGICAL  STRUCTURE  OP  THE  LOCALITY. 

The  experiment  station  farm,  upon  which  the  wells  are  located,  lies 
just  within  the  terminal  moraine  of  the  second  glacial  epoch,  and  the 
glacial  till  is  laid  down  upon  the  very  unevenly  eroded  surface  of  the 
Madison  sandstone.  All  of  the  wells  of  series  A,  5,  C,  and  D  lie 
wholly  in  the  till ;  wells  48,  49,  50,  61,  and  53  pass  through  the  till 
and  penetrate  tbe  rock  a  few  feet,  while  well  52  is  said  not  to  have 
reached  rock  at  a  depth  of  84  feet,  or  36  feet  below  lake  level.  Rock 
was  reached  in  well  53,  16  feet  below  the  lake,  and  13  feet  in  well  48, 
but  in  wells  51  and  50  rock  was  reached  6  feet  and  8  feet  above  the 
lake  level,  respectively. 

The  till  is  quite  heterogeneous  in  its  character,  but  is  much  more  even 
at  the  level  of  ground-water  than  above.  The  whole  area  is  mantled 
with  a  stratum  of  2.5  feet  to  4  feet  of  reddish  clay  containing  pebbles 
and  bowlders  irregularly  and  generally  sparsely  distributed  through 
it,  the  pebbles  and  bowlders  being  coarser  and  more  numerous  on  the 
higher  grounds.  Beneath  this  mantle  there  is  generally  a  rather  rapid 
transition  to  a  sand  usually  quite  uniform  and  free  from  gravel  every- 
where below  the  9-foot  contour.  Beneath  the  surface  of  higher  levels 
the  transition  is  into  a  coarse  sandy  and  gravelly  till  containing  stone 
3  to  8  inches  in  diameter  in  considerable  numbers  but  usually,  be- 
fore water  is  reached,  the  coarse  materials  are  greatly  decreased  or 
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•entirely  disappear  and  water  is  found  in  a  sand  of  varying  degrees  of 
•coarseness,  it  being,  as  a  rule,  decidedly  finer  than  that  under  the 
lower  grounds.  Under  the  higher  lands  the  sand  below  often  ap- 
proaches quicksand  in  fineness. 

CONFIGURATION  OP  THE  SURFACE  OF  THE  GROUND-WATER. 

The  surface  at  which  standing  water  is  found  In  the  ground  is  very 
far  from  being  horizontal,  as  an  inspection  of  Pig.  4  will  show,  where 
the  contours  are  drawn  to  show  the  surface  of  standing  water,  as  ob- 
served on  June  20, 1892,  at  the  54  wells  included  in  the  area. 

It  will  be  observed,  in  the  first  place,  that  the  level  at  which  water 
stands  in  the  wells  is  everywhere  decidedly  above  the  level  of  water  in 
Lake  Mendota,  to  which  the  contours  are  referred.  Even  in  well 
29,  only  150  feet  from  the  lake  shore,  the  water  on  that  date  was 
found  standing  7.2  feet  above  the  lake  level.  In  the  well  at  Agricul- 
tural Hall,  situated  about  3,600  feet  east  of  well  52  on  the  same  ridge, 
but  where  the  surface  of  the  ground  is  88  feet  above  the  lake,  the  water 
in  the  ground  stands  52  feet  above  the  level  of  the  lake,  and  this  well 
is  all  the  way  in  the  till  and  not  over  1,200  feet  in  a  direct  line  from 
the  shore  and  not  much  farther  from  land  near  lake  level  both  to  the 
southward  and  eastward. 

A  second  x)oint  to  be  noted  here  is  the  general  tendency  of  the  water 
to  stand  at  the  highest  level  under  the  highest  ground,  but  there  are 
notable  exceptions  to  this*,  and  more  at  the  particular  date  which  the 
map  represents  than  has  been  true  at  former  times.     Well  52,  located 
upon  the  highest  ground  within  the  area,  has  yet  the  lowest  recorded 
water-level  excepting  those  within  and  near  the  tile-drained  section 
shown  in  the  map.    This  well,  however,  is  a  deep  one  encased  in  84 
feet  of  6-inch  iron  tubing  which  is  screw-coupled  so  as  to  be  water- 
tight except  at  the  bottom.    Besides,  it  was  in  use  during  the  whole 
winter,  nearly  all  the  water  it  could  supply  being  taken  from  it  until 
April  1.    After  the  middle  of  April  it  was  thrown  entirely  out  of  use 
and  80  continued  until  past  the  middle  of  May.     At  the  time  the 
measurement  was  taken  the  well  was  in  use,  but  only  a  few.  pails  of 
water  were  taken  from  it  daily.    Numbers  53  and  48  are  also  tubed 
wells,  62  and  40  feet  deep  respectively,  but  were  not  in  use  when  the 
levels  were  taken.    All  other  wells  are  comparable  when  account  is 
taken  of  the  fact  that  the  drains,  which  were  still  discharging  when 
the  levels  were  taken,  would  tend  to  carry  the  ground-water  to  an  ab- 
normally low  level  in  their  immediate  vicinity. 

The  real  and  marked  exception  to  the  general  rule  of  the  tendency 
«f  the  ground-water  to  present  a  surface  approaching  conformability 
with  that  of  the  land  above  is  found  in  well  39,  where  the  water  is 
16.5  feet  above  the  level  of  the  lake,  while  that  in  well  38,  less  than 
^  feet  distant,  is  only  half  that  amount. 


16 


FLUCTUATIONS  OF  GROUND- WATER. 


FiQ.  3.  Contour  map  of  area  occupied  by  wells.    Figur^n  in  lines  give  height  of  contours 
abovo  lake  in  feet;  other  figures  indicate  numbers  of  wells. 


C»NTOUB   MAP. 
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^'  4-  Contour  map  of  groand-water  sar&oe  on  Judo  ao,  189a.    Figarea  in  linefi  giT«  height 
of  contoara  aboTO  laka  in  feet;  other  figures  indicate  numbers  of  wells. 
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W  FLUCTUATIONS  OF  GEOUND-WATEE. 

The  rise  of  the  grouad-water  surface  aa  it  recedes  from  natuxal 
drainage  outlets,  and  the  resulting  tendency  to  develop  a  surface  an- 
conformable  with  a  true  water-level,  is  not  a  local  peculiarity,  as  has 
been  pointed  out  by  Baldwin  Latham*,  who  expresses  the  fact  aa 
follows : 

"The  greatest  elevation  of  the  subterranean  water  is  usually  found 
under  the  highest  lands,  and  the  least  elevation  under  the  landa  hav- 
ing the  lowest  levels.  The  flow  of  water  laterally  is  from  the  hills  to 
the  valleya  and  longitudinally  down  the  valley  lines ;  therefore,  aa  a 
general  rule,  the  flow  of  subterranean  water  conforms  to  the  surface 
of  the  country." 

THE   PERCOLATION   OF  WATER   INTO   WELLS. 

The  measured  height  of  water  in  a  well  is  not  always  a  true  index 
of  the  level  of  giound-water  in  that  vicinity.  If  the  well  is  in  ase 
and  considerable  quantities  of  water  are  being  taken  from  it,  the  well 
becomes  a  drainage  outlet  toward  which  the  water  flows  just  as  soon 
as  the  level  of  the  water  in  it  Is  depressed  below  that  of  the  general 
level.  The  longer  such  a  well  is  used,  when  percolation  through  the 
soil  above  does  not  equal  the  demand,  the  more  the  water-level  is  de- 
pressed below  the  normal  and  the  wider  the  area  of  depressed  water- 
level  becomes.  This  causes  the  water  which  supplies  tiie  well  to  flow 
toward  it  down  a  continually  decreasing  slope,  and  at  the  same  time 
through  soil  passageways  of  ever-increasing  length  and  resistance. 
Under  these  conditions,  it  is  evident  that  a  well  which  is  sunk  but  a 
few  feet  below  the  general  level  of  ground-water  would  suffer  a  rapid 
decrease  of  capacity  during  dry  seasons,  whereas  one  which  is  sunk 
15  to  20  feet  below  the  natural  water-level  in  the  soil  would  make  up 
in  steepness  of  gradient  for  the  increasing  distance  from  which  the 
vr&UjT  must  move  toward  it  from  the  surrounding  soil,  as  an  inspec- 
tion of  Fig.  6  will  show. 


Fn.  5.  Eflbvl  ofpninplDi  on  ths  graond-inler  anrbot. 

When  the  water  in  the  well  is  lowered  to  40  feet  below  tiie  surface, 
as  shown  in  the  figure,  and  the  water  surface  becomes  depressed  bo 

*  Beport  of  Briiisb  Auocislauii  in  1877,  page  207. 
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as  to  cbnform  with  the  line  ab  c^  there  is  a  head  or  gradient  of  1  in 
6  tending  to  U>r(^  t^ie  water  into  the  well,  but  when  the  water  is 
lowered  to  c,  30  feet  below  the  general  water-level,  the  gradient 
becomes  1  foot  in  2;  but  even  aft$r  long  pumping,  and  the  water-* 
level  becomes  depressed  so  as  to  conform  with  the  line  d  e  f,  the 
gradient  is  still  steeper  than  in  the  first  case,  being  1  foot  in  8  nearly. 

It  is  evident,  therefore,  that  in  providing  wells  for  farm  stock  there 
should  be  an  ample  depth  below  the  normal  level  of  standing  water 
in  the  gh>imd,  and  this  must  vary  with  the  character  of  the  soil  or 
rock  in  which  th^Jpir^ter  is  stored  and  through  which  it  must  flow  to 
enter  the  well','m$^*depth  required  increasing,  generally,  with  the 
d^ree  of  fineness  of  soil  or  rock  because  the  resistance  to  flow  in- 
creases with  the  smallness  of  the  particles. 

There  are  times  when  the  height  of  water  in  wells  is  above  that  of 
the  general  level  of  ground-water  in  their  immediate  vicinity,  and 
this  occurs  during  wet  seasons  after  protracted  heavy  rains  and  is 
more  marked  in  clayey  soils  than  in  those  more  open,  and  more 
marked  in  shallow  than  in  deep  wells.  In  the  percolation  of  rain 
water  there  is  a  general  tendency  for  the  water  to  flow  laterally 
towards  and  accumulate  in  the  wells.  This  effect  is  shown  very 
clearly  in  Fig.  7,  which  represents  the  changes  in  the  level  of  the 
water  in  wells,  series  C,  whose  positions  are  designated  in  the  two  con- 
tour maps.  Figs.  8  and  4,  pages  16  and  17. 


Fra.  6.  Clmiigeif  in  th«  level  of  water  in  WflU  dae  to  percolation. 

These  chan^^  occurred  after  a  rainfall. of  .3.19  inches,  distributed 
in  time  as  follows :  June  2,  7.30  a.  m.  to  9  p.  m.,  1.38  inch ;  June  3, 
7  a.  m.  to  2  p.  m.,  .41  inch ;  9  p.  m.,  July  8,  to  7  a.  m.,  July  4,  1.18 
inch ;  9.15  p.  m.,  July  4,  and  again  6.30  a.  m.,  July  6,  .22  inch. 

It  will  be  seen  that  a  rainfall  of  3.19  inches  produced  a  rise  of  water 
in  well  43  of  about  2.5  feet,  while  in  well  40  the  rise  did  not  exceed  1 
foot  The  greatest  height  of  water  in  well  43  was  reached  on  the 
morning  of  June  4,  while  the  water  in  well  47  was  still  rising  slightly 
62  hours  later,  when  the  water  in  all  the  other  wells  had  fallen  from 
.9  foot  in  well  43  to  1.5  foot  in  well  47.  It  is  true  that  the  surface  of 
the  ground  at  well  40  is  3.3  feet  higher  than  the  surface  at  well  47, 
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but  the  chief  difference  in  the  amount  and  rate  of  rise  in  the  two 
wells  is  not  due  to  this  fact,  neither  is  it  due  to  water  entering  the 
wells  at  the  immediate  top,  as  will  be  seen  from  Fig.  7  and  the  obser- 
vations stated  in  connection  witli  it. 


Fio.  7.  Percolation  of  water  into  and  out  of  wells. 

All  of  the  special  wells  used  in  these  investigations  are  protected  at 
the  surface  of  the  ground  with  a  section  of  glazed  tile  provided  with 
a  lid,  as  shown  in  section  in  the  cut,  and  it  was  repeatedly  observed 
during  times  of  rapid  and  excessive  rises  of  water  in  the  wells  due  to 
percolation  that  the  surface  of  the  soil  at  (a)  remained  dry  during 
the  whole  interval  of  percolation,  showing  conclusively  that  the  water 
did  not  enter  the  wells  through  the  soil  at  the  immediate  surface. 

The  rise  of  water  in  wells  above  the  general  drainage  surface  during 
times  of  heavy  rains  is  due  to  the  inability  of  the  soil-air  to  escape 
readily  upward  through  the  supersaturated  surface,  for  so  long  as  it 
can  not  escape  it  prevents  the  water  from  entering  the  soil  spaces  oc- 
cupied by  it ;  wells,  however,  which  are  not  curbed  with  impervious 
tubing  furnish  an  easy  avenue  of  escape  for  the  air,  and  it  is  forced 
out  into  the  wells,  allowing  the  water  to  follow  it,  so  that  there  comes 
to  be  established,  during  times  of  percolation,  a  movement  of  water 
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and  air  in  the  soil  about  a  well  Bomething  as  represented  by  the  arrows 
in  Fig.  7. 

In  the  sandy  and  more  open  soils,  where  the  interspaces  near  the 
surface  do  not  readily  become  closed  with  fine  sediment  moved  by  the 
water,  there  is  not  as  great  a  lateral  flow  of  water  toward  the  wells, 
and  the  water  does  iJot  rise  in  them  very  much  more  than  the  general 
water-level  in  the  ground  ia  raised  during  such  times,  and  it  is  be- 
cause the  soil  about  wells  47  and  46  is  much  more  sandy  and  open 
than  it  is  about  the  others  of  this  series  that  there  is  less  rise  of  water 
in  them  at  such  times.  That  the  lesser  rate  of  rise  and  amount  of  it 
in  wells  47  and  46  can  not  be  due  to  the  greater  depth  of  soil  throt:^ 
which  the  water  ia  forced  to  penetrate  is  proven  by  the  fact  that  while 
in  well  28,  where  the  distance  from  the  surface  to  water  at  the  time 
was  very  nearly  the  same  as  in  well  47,  the  interval  of  time  before 
percolation  into  it  b^an^e' Evident  was  shorter  and  the  amount  of  rise 
in  it  greater  even  than  in  well  40. 

In  trying  to  fill  soil  with  water,  in  cylinders  a  foot  in  diameter,  I 
have  found  it  practically  impossible  to  do  so  by  adding  water  to  the 
top,  on  account  of  the  great  difficulty  of  escape  of  air  laterally  or  up- 
ward.  In  such  cases  it  has  been  necessary  to  introduce  the  water 
thiDOgh  the  bottom  or  else  to  put  the  soil  into  the  water. 

That  fine  textured  soils  do  become  almost  impervious  to  air  under 
moderate  changes  of  pressure  when  they  are  saturated  with  water, 
even  in  the  field  under  perfectly  normal  conditions,  I  have  proven 
repeatedly  with  a  piece  of  apparatus  repre- 
sented m  Fig.  8. 

In  naing  this  apparatus  the  soil  tube.  A, 
was  forced  into  the  ground  to  near  the  de- 
sired depth  at  which  the  permeability  to 
air  was  to  be  tested  and  then  removed  and 
the  core  of  soil  turned  out.  The  tube  was 
tlien  returned  to  itfl  place,*  and  with  an 
auger  which  would  reach  a  fixed  distance 
below  the  top  of  the  soil  tube,  the  hole 
was  deepened ;  then  by  attaching  the  as- 
pirator 08  shown  in  the  figure  a  definite 
suction  was  established  and  the  rate  at 
which  the  air  could  be  drawn  through  the 

.,    .    ^       ,,  .       ,  ,    ,  .        ?         ,     S^,8.  SoilMptratorfcr.tDdjingth* 

BOil  into  the  aspirator  determmed.  In  (wrmesbiiityofsouioair. 
thifl  way  it  was  shown  that  all  the  surface  soils  on  the  station  farm 
are  nearly  impervious  to  air  immediately  after  heavy  rains  and  that 
all  the  clayey  subsoils  are  completely  so  when  they  are  nearly  or 
quite  saturated  with  water.  These  experiments,  however,  have  not 
been  performed  under  a  greater  reduction  of  pressure  than  one-tenth 
of  an  inch. 
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Referring  now  to  the  contour  map  of  the  surface  of  ground-water 
it  will  be  observed  that  well  39,  while  on  rather  low  ground,  has  the 
water  standisg  in  it  at  an  abnormally  high  level,  and  this  is  due 
to  the  excessive  percolation  into  the  well  during  the  present  wet 
season.  On  the  other  hand,  well  62,  which  is  in  the  highest  ground 
and  yet  with  a  very  low  water-level,  represents  tfte  other  phase  which 
we  have  considered,  a  case  where  the  ground-water  has  been  lowered 
by  excessive  pumping. 

A   SANITARY   PROBLEM. 

There  is  a  sanitary  aspect  of  this  question  which  should  not  be 
overlooked.  Well  39  showed,  by  the  rapid  fall  of  a  little  more  than 
2  feet  which  took  place  in  it  during  less  than  10  days  following  the 
measurement  recorded  on  the  map,  that  its  great  height  of  water 
was  due  to  lateral  percolation  into  it,  and  the  point  to  which  I  wish 
to  direct  attention  is  that  we  have  here  a  ready  means  of  ascertaining 
whether  a  well  is  subject  to  surface  contamination  or  not.  A  sudden 
large  rise  and  fall  of  the  water-level  in  a  well,  associated  with  heavy 
rains,  can  have  no  other  interpretation  than  that  water  reaches  the 
well  without  being  i&ltered  through  a  very  large  amount  of  soil.  An 
abrupt  rise  and  fall  of  a  few  inches  might  have  no  significance  here, 
as  will  be  seen  from  observations  recorded  in  another  place,  but 
where  there  is  a  rise  and  fall  of  a  foot  or  more^there  can  be  no  doubt 
but  the  well  is  liable  to  yield,  at  times,  unsanitary  water  if  the  sur- 
face surroundings  are  such  as  to  permit  of  it.  The  observations  here 
recorded  also  indicate  that  wells  located  in  clayey  soils  and  subsoils 
may  be  much  more  subject  to  such  surface  contaminations  than 
otliers  in  more  open  and  porous  ones. 

Just  how  far  it  is  practicable  to  protect  wells  which  are  subject  to 
contamination  in  this  manner,  by  using  iron  tubing  or  other  similarly 
impervious  curbing,  is  a  matter  which  merits  careful  investigation, 
for  it  is  a  vital  question  in  the  building  of  country  homes.  It  is 
generally  taken  for  granted  that  wells,  thus  constructed  are  safe 
against  the  infiltration  of  surface  water,  and  it  may  be  true  to  a  large 
extent ;  but  it  does  not  appear  improbable,  in  pumping  water  from  a 
well  tubed  up  with  iron,  that  the  rapid  withdrawal  of  water  from 
about  the  immediate  terminus  of  the  tubing  would  tend  quite  as 
strongly  to  bring  the  new  supply  of  water  directly  downward  from 
above  as  to  induce  it  to  come  from  below  or  from  lateral  directions, 
and  if  tliis  is  true,  it  is  evident  that  the  surface  surroundings  of  a 
well  used  for  domestic  purposes  should  be  sciifepulously  cared  for 
even  when  provided  with  impervious  curbing. 

ONE   CAUSE   OF   DECREASE   OF  HEAD  IN  ARTESIAN  WELLS  AND  AT  PUMPINO 

STATIONS. 

It  is  not  an  uncommon  occurrence  for  artesian  wells  to  show  a 
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deoTdaae  of  head,  which,  in  many  caseB,  is  very  appreciable  and  noi 
apparently  caused  by  seasonal 'fluctuations  of  the  level  of  ground^ 
water,  and  the  same  fact  has  been  observed  at  pumping  stations  also. 
In  my  judgment,  the  observations  made  in  the  preceding  section 
offer  a  partial  explanation  of  these  changes ;  for  the  opening  of  an 
artesian  well  in  an  impervious  soil  through  which  water  has  not  been 
discharging  must  have  the  effect  of  depressing  the  surface  of  the 
ground-water  which  contributes  to  the  well,  and  as  the  new  drainage 
surface  of  equilibrium  must  occupy  a  lower  level  it  follows  that  the 
head  must  suffer  a  permanent  decrease,  and  this  might  be  such  as  to 
cause  certain  wells  in  a  locality  to  cease  flowing  altogether. 

SEASONAL  CHANGES  IN  THE   HEIGHT  OF  aROUND-WATEB. 

The  impounding  influence  of  all  porous  lands  lying  above  drainage 
levels,  causes  the  ground-water  surface  to  rise  during  wet  seasons 
while  during  dry  ones  it  falls  so  that  the  effective  head  in  artesian 
wells  and  in  springs  is  increased  or  decreased  periodically  in  accord 
with  the  fluctuations  of  tlie  yearly  rainfall  and  those  other  conditions 
which  tend  to  diminish  the  amount  of  water  which  is  able  to  enter 
the  land.  In  the  same  manner,  also,  the  capacity  of  ordinary  wells 
to  supply  water  varies  as  the  general  level  of  the  ground-water  rises 
and  falls.  The  locality  under  consideration  here  is  one  in  which 
the  supply  to  shallow  wells  must  be  almost,  if  not  quite,  the  perco- 
lation water  of  purely  local  rains. 

The  wells  in  series  C,  which  are  in  the  higher  land  of  the  station 
farm  and  most  .remote  fropa  tiie  system  of  the  drains,  are  best  suited 
to  show  the  long  period  fluctuations  due  to  the  quantitative  relationship 
existing  between  the  amount  of  rainfall  and  the  rates  of  drainage  and 
percolation.  When  the  wells  were  sunk,  in  August,  1888,  there  was 
water  in  all  of  them  except  81  and  36,  and  the  level  of  the  water  in 
ihem  is  shown  in  Fig.  9,  on  a  stated  date  in  1888,  1889,  1890,  and 
1892,  During  the  latter  part  of  tiie  summers  of  1889  to  1891,  in- 
clusive, all  of  the  wells  of  this  series  became  dry,  except  No.  30,  which 
is  nearest  to  the  lake,  and  in  each  case  it  has  been  true  that,  after 
going  dry,  they  did  not  contain  water  again  until  after  April  1,  the 
following  spring. 


WETS 


Fm.  9.  ProlIleB  of  groand- water  surfiiee  aloi^  the  wells  of  aeries  C 

It  will  be  seen  that  the  surface  of  ground-water  in  June,  1892,  is  from 
4  to  5  feet  higher  than  at  any  other  season  since  the  records  began. 
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The  level  of  Lake  Mendota  was  also  higher,  but  its  range  has  been  con- 
fined between  this  level  and  one  almost  two  feet  below. 

RELATION  BETWEEN  THE  AMOUNT  OP  RISE  IN  THE    SURFACE  OF  GROUND- 
WATER AND  THE  RAINFALL. 

When,  in  the  spring  of  1892,  the  surface  of  ground-water  i&rst  began 
to  rise  above  the  level  of  the  bottoms  of  the  wells  in  series  0,  its  con- 
tour had  approached  very  close  to  horizontality,  as  shown  in  Fig.  10, 
where  the  profile  lines  of  May  7  and  May  21  show  the  configuration  of 
the  surface  at  those  times.  Between  May  21  and  June  7  the  arithmeti- 
cal mean  rise  for  all  of  the  measured  wells  was  1.6  foot,  and  the  rain- 
fall between  those  dates  was  4.02  inches.  Between  June  7  and  June  27 
the  mean  rise  was  2.38  feet,  and  the  rainfall  associated  with  it  4.97 
inches.  The  total  mean  rise  between  May  21  and  June  27  was  3.88 
feet,  and  the  rainfall  for  the  same  period  9.05  inches.  During  the 
first  of  these  periods  the  water  rose  .373  foot  for  each  inch  of  rain  ; 
in  the  second  it  rose  .479  foot,  and  during  the  last,  .428  foot  for  the 
same  amount  of  rain. 


Fxo.  zo.  Rise  of  the  groand*water  in  relation  to  rainfkll. 

If  we  now  refer  to  Fig.  6  and  take  the  mean  distance  between  the  two 
lines  1  and  6  as  representing  the  true  rise  of  the  ground-water  surface 
due  to  percolation,  we  shall  have  for  a  rainfall  of  3.19  inches  a  rise  of 
1.27  foot,  or  at  the  rate  of  .398  foot  for  each  inch  of  rain.  The  general 
mean  of  all  these  is  about  .42  foot  of  rise  in  the  ground-water  for  each 
inch  of  rain. 

Determinations  made  at  this  station  show  that  there  is  about  .4 
cubic  foot  of  space  in  one  cubic  foot  of  dry  sand,  and  that  capillarily 
saturated  sand  standing  one  foot  above  water,  such  as  the  rise  here 
considered  took  place  in,  would  contain  about  18  per  cent,  of  its  dry 
weight  of  water,  while  the  weight  of  one  cubic  foot  of  such  water-free 
soil  is  not  far  from  105  pounds.  Under  these  quantitative  relations 
the  capillary  water  should  occupy  .32  cubic  foot  and  the  unoccupied 
space  into  which  water  could  percolate  would  be  only 

1  cubic  foot —  ( .6  -f-  .32)  =  .08  cubic  foot, 
or  138.24  cubic  inches.     Under  these  conditions  an  inch  of  rain  should 
fill  a  cubic  foot  of  soil  more  than  full  j  but  as  the  ground-water  was 
raised  at  the  mean  rate  of  only  about  .42  foot  it  follows  that  either  the 
soil  did  not  contain  18^  per  cent,  of  its  dry  weight  of  water  at  the  time 
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the  rains  occurred  or  else  that  there  was,  during  the  time,  a  large 
4imount  of  percolation  through  the  zone  under  consideration. 

THE  CAPILLARY  STORAGE  CAPACITY  OP  LONG  COLUMNS  OP  SOIL. 

There  is  in  my  own  mind  no  doubt  that  the  soils  considered  in  the 
last  section,  into  which  the  water  percolated,  did  not  contain  18  per 
•cent,  of  water  at  the  time  under  consideration,  and  my  reasons  for  this 

conviction  are  these :  In  coarse,  sandy  soils  at  least, 
if  not  in  all  otJiers,  the  capillary  holding  power  de- 
creases in  some  undetermined  ratio  with  the  length  of 
the  column  above  standing  water,  as  I  have  proven 
by  tlie  following  experiment:   Columns  of  medium 
_.  grained  plastering  sand  42  inches  long  were  con- 
i  structed  and  suspended  in  a  vertical  position,  as  rep- 
I  resented  in  Fig.  11.    The  sand  for  this  experiment 
I  was  stirred  in  water  to  expel  all  adhering  air  and 
8  then  poured  into  the  tubes  through  a  funnel,  sand 
f  and  water  together,  the  tubes  being  frequently  shaken 
B  and  jarred  to  insure  a  solid  packing  of  the  sand. 
I     The  tubes  were  hung  in  place  on  April  26,  1892, 
^  and  percolation  had  not  ceased  on  May  14,  although 
I  tlie  rate  had  become  very  small.    At  this  time  20 
g  cubic  centimeters  more  water  were  poured  into  the 
JliZS  ^  tubes  at  the  top,  when  a  rapid  percolation  was  set  up 
:§  immediately,  but  did  not  cease  entirely  until  some 
I  time  between  June  3  and  10.    On  June  10  percola- 
I  tion  had  ceased,  as  shown  by  the  receptacles  having 
*^^  I  lost  in  weight  .0237  grams  to  .0036  grams.    The  tubes 
_^        S  were  then  cut  into  6-inch  sections,  and  the  water  con- 

1  tent  of  the  sand  determined  by  placing  the  sections 
/^jj*  5  directly  in  the  dry-oven.    The  tube  which  had  been 

2  wet  witli  distilled  water  possessed  the  distribution  of 
—       •§  capillary  water  indicated  in  Fig.  11,  where  it  will  be 

t  seen  that  there  is  a  decreasing  amount  as  the  distance 
IS  J?  ^  above  standing  water  increases,  it  being  18.17  per 
2  cent,  in  the  lower  6  inches  and  only  1.93  per  cent,  in 
^  the  upper,  with  a  mean  of  only  6.927  per  cent.    This 
difference  in  distribution  was  due  wholly  to  percola- 
tion, as  the  nearly  constant  weight  of  the  whole 
apparatus  proved,  that  only  showing  an  almost  inap- 
preciable loss  through  evaporation  of  water  from  the 
fine  vents  in  the  two  corks  at  top  and  bottom. 
It  was  to  me  surprising  that  the  percolation  was  so  large  and  yet 
toward  the  close  so  extremely  slow,  but  results  of  similar  import  have 
been  obtained  through  direct  observations  upon  soils  in  their  natural 
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positions  in  the  field.  In  the  Seventh  Annual  Report  of  this  Station, 
page  144,  a  record  is  given  of  the  change  in  the  water  content  of  the 
upper  5  feet  of  soil  situated  about  70  feet  northwest  of  well  52,  Fig.  3, 
which,  during  the  interval  from  October  28,  1889,  to  April  14,  1890, 
was  covered  so  as  to  exclude  snow  and  rain,  the  object  being  to  ascer* 
tain  whether,  during  the  winter,  there  was  an  increase  of  water  in  the 
soil  through  the  aid  of  capillarity  in  drawing  water  up  from  belo^. 
It  is  there  shown  that  instead  of  becoming  more  moist  during  the 
winter  the  water  content  actually  decreased,  and  to  the  extent  of  1.66 
per  cent,  of  the  dry  weight  of  the  soil  in  the  upper  4.5  feet;  the  lower 
6  inches  alone  showing  a  gain  in  moisture.  This  loss  of  moisture  re-* 
f erred  to  I  then  attributed  to  surface  evaporation,  "  and  possibly  to 
lateral  and  downward  translocation."  Other  observations  now  at 
hand,  but  which  need  not  be  detailed  here,  convince  me  that  the  chief 
loss  of  moisture  in  this  soil  during  the  winter  was  due  to  slow  perco- 
lation downward,  and  that  soils  are  drained  more  and  more  by  perco- 
lation downward  as  the  surface  of  ground-water  recedes.  Judging^ 
from  the  per  cent,  of  water  retained  by  the  plastering  sand  it  would 
appear  that  the  zone  of  soil  through  which  the  ground-water  rose 
during  the  interval  from  May  21  to  iTune  27  may  not,  at  the  begin- 
ning, have  contained  more  than  6  per  cent,  of  the  dry  weight  of  the 
soil  of  water,  and  that  it  is  due  to  this  fact  rather  than  to  underground 
drainage  that  the  surface  of  standing  water  in  the  ground  was  not 
carried  to  a  greater  height  than  was  observed. 

RELATIOI^   OF   THE    NORMAL   GRADIENT    OF   THE   GROUND-WATER  SUBFACK 

TO  TILE   DRAINAGE. 

The  prime  function  of  tile  drainage  is  to  hold  the  surface  of  ground- 
water at  an  adequate  depth  so  that  there  shall  be  ample  room  for 
root  development,  and  as  the  ground-water  rises  with  each  increment 
of  distance  from  the  drainage  outlet  the  proper  distance  to  place  the 
tile  apart  in  a  given  soil,  where  they  are  to  be  placed  at  a  stated 
depth,  turns  upon  the  resistance  which  the  soil  offers  to  the  flow  of 
water  through  it,  for  it  is  this  resistance,  just* as  in  the  flow  of  water 
.  through  pipes,  which  determines,  primarily,  the  steepness  of  the 
ground-water  surface. 

To  determine  the  actual  contour  of  the  ground-water  surface  in  a 
tile  drained  field  when  the  drains  were  doing  duty,  a  line  of  seven  wells 
was  sunk  midway  between  the  lines  of  tile  which  are  laid  in  the  area 
designated  on  the  contour  map,  Fig.  3.  The  lines  of  tile  in  this  field 
are  laid  as  nearly  as  may  be  33  feet  apart  and  at  a  distance  below  the 
surface  of  the  ground  of  about  4  feet.  The  wells  referred  to  were  put 
down  midway  between  the  lines  of  tile,  and  therefore  were  situated 
16.6  feet  from  the  drains  on  either  side  and  at  a  distance  not  exceed- 
ing 30  feet  from  the  line  of  silt  wells  into  which  the  drains  discharge. 
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The  Boil  of  this  locality  coQsiBta  of  6  to  8  inches  of  medium  clay  loam 
followed  by  2^  to  3  feet  of  clay,  below  which  is  a  stratum  of  rather 
coaiae  sand,  in  the  upper  surface  of  which  the  tiles  are  usually  ]aid> 
and  in  spots  this  sand  contains  some  gravel.  The  tiles  are  3  inches 
inaide  diameter  and  laid  on  a  f^ade  of  about  2  inches  iu  100  feet. 
At  the  time  the  levels  were  taken  the  tiles  were  discharging  less  than 
one-twentieth  of  their  capacity. 


Pn.  12.  Sorbee  or  gronitd.WBter  between  tile  dniln>  4B  boon  kder  a  rainfoll  ot  ,Bj  Inch. 

The  observed  contour  of  ground-water  in  this  field  at  8  a.  m.,  May 
13,48  hours  after  a  rainfall  of  .87  inch,  is  represented  in  Fig.  12. 
The  highest  water-level  in  any  well  between  these  lines  of  tile  on  this 
date,  when  referred  to  the  top3  of  the  tile  between  which  the  wella 
ue,  was  one  foot  in  the  case  of  well  1,  above  tile  14,  and  the  least  was 
ftbotit  .3  foot  in  the  case  of  well  5  above  tile  18.  Both  wells  6  and  3 
were  sunk  into  a  sand  containing  a  considerable  amount  of  gravel, 
and  to  this  fact  is  probably  due  the  less  steep  gradient  at  these 
places.  Between  well  2  and  tile  16  two  other  wells  were  sunk,  one 
two  feet  from  the  drain  and  the  other  midway  between  the  drain  and 
well  2,  In  the  well  2  feet  back  from  the  drain  water  stood  .3  foot  above 
the  top  of  the  tile,  and  in  the  other,  .46  foot  above ;  the  profile  would 
present,  therefore,  a  more  or  less  curved  contour,  convex  upward. 

Assuming  the  water-level  at  the  several  lines  of  tile  to  be  flush 
with  the  tops  of  the  tile  and  regarding  the  water  surface  as  present- 
ing a  right-line  section,  the  mean  gradient  for  the  ground-water 
Burface  would  be  one  foot  in  25.38  feet.  In  well  29,  150  feet  from  the 
lake  shore,  the  water  stood  7.214  feet  above  the  level  of  the  lake  on 
June  27, 1892,  and  this  would  give  a  gradient  of  one  foot  in  20.79.  In  . 
the  case  of  the  well  at  Agricultural  Hall  to  which  I  have  referred  aa 
baring  a  water-level  52  feet  above  the  lake,  and  situated  about  1,260 
feet  from  the  shore,  the  mean  gradient  would  be  one  foot  in  24.4.  In 
the  fall  of  1888,  September  10,  when  the  water-level  in  the  wells 
coold  not  have  been  affected  by  lateral  percolation  into  it,  the  gra- 
dient between  well  29  and  the  lake  was  1  foot  in  36.86  feet. 

In  the  tile  drained  area  under  consideration  the  configuration  of 
the  water  surface  did  not  remain  as  shown  in  Fig.  12,  but  changed  as 
the  water  was  carried  away  by  the  drains,  and  in  Fig,  13  is  shown  the 
profile  of  the  ground-water  on  these  different  dates.    The  changes 


28* 


FLUCTUATIONS   OF   GROUND-WATER. 


which  had  occurred  in  the  level  of  the  water  show  that  it  was  not 
drawn  down  at  a  uniform  rate  at  all  places,  the  surface  falling  fastest 
under  the  highest  ground,  where  the  water-level  was  also  highest;  also 
that  the  hydrostatic  pressure  of  the  water  was  there  effective,  tending 
to  produce  a  horizontal  movement  from  the  upper  toward  lower  por- 
tions of  the  tile  drained  area,  associated  with  a  downward  vertical 
movement  under  the  higher  area,  increasing  the  rate  at  which  the 
level  fell  in  that  place  and  apparently  decreasing  it  in  the  lower 
section  by  determining  an  upward  tendency  of  the  water  from  below/ 
It  is  a  constant  feature  in  the'  discharge  of  water  from  this  system 
of  drains  that  those  tiles  laid  in  the  lower  ground  continue  to  carry 
away  water  months  after  those  under  the.  higher  ground  have  ceased 
to  do  so,  and  as  there  is  no  more  soil  to  hold  water  for  the  drains  to 
carry  away  under  the  low  than  under  the  higher  ground  it  follows 
that  there  is  a  tendency  for  the  water  to  rise  up  into  the  zone  affected 
by  the  lower  tiles. 


igsiir^^'^ 


Fio.  13.  ChangeB  in  lerel  of  water  between  tile  drains. 
NATURAL   8UBIRRIGATI0N. 

It  is  a  fact  long  established  by  practical  experience  that  many  low 
lands  which  require  tile  draining  in  order  to  bring  them  under  culti- 
vation, and  lying  adjacent  to  higher  areas,  become,  when  so  treated, 
if  adequately  done,  the  most  productive  lands  of  the  locality,  and 
while  there  are  several  conditions  which  render  them  so  the  paramount 
one  is  the  water  supply  naturally  provided  by  the  upward  tendency 
of  it  under  the  lower  lands,  coming  from  the  supply  of  impounded 
water  in  the  soil  of  the  surrounding  higher  ground  in  the  manner 
illustrated  by  the  observed  changes  in  the  conformation  of  the  ground- 
water surface  referred  to  in  the  last  section.  The  tile  drains  when 
properly  placed  serve  during  seasons  of  superabundance  of  water  to 
hold  the  water-level  below  the  zone  of  root  action,  while  during  sea- 
sons of  deficient  rainfall  they  do  not  interfere  with  its  rise  by  hydro- 
static pressure  into  the  region  where  it  becomes  available  to  the  grow- 
ing crops.  This  is  an  important  principle  to  understand  in  the  selec- 
tion of  land  for  intensive  farming. 

Not  all  low  lands  adjacent  to  high  areas  are  subject,  in  equal  degree, 
to  the  natural  subirrigation  referred  to,  for  geological  differences  of 
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Btnictore  necessarily  modify  the  movement  of  the  rain  which  has 
entered  the  ground  or  may  even  prevent  it  from  entering  it  so  as  to 
become  available  in  the  manner  under  consideration.  The  geological 
stmcture  best  adapted  to  the  storing  of  water  in  the  high  lands  and  of 
giving  it  out  gradually  to  the  lower  areas  adjacent,  is  represented  in 
Fig.  14,  where  the  surface  is  mantled  to  a  depth  of  3  to  4  feet  with 
clay  soil  and  subsoil;  this  mantle  on  the  high  land  passes  by  degrees 
through  a  porous,  sandy  and  gravelly  clay  into  a  sand  and  gravel  or 
pure  sand  of  considerable  depths  into  which  the  surface  waters  readily 
penetrate,  and  out  of  which  they  flow  laterally  with  conLparative  ease. 
Under  the  hillside  this  coarse  grav^  and  open  storage  material  shades 
into  a  medium  grained  or  rather  fine  sand  through  which  the  water 
can  flow  with  some  degree  of  freedom  bat  not  so  rapidly  as  to  fail  to  store 
the  water  to  a  considerable  height  above  the  surface  of  the  low  land. 
This  type  of  geological  structure  is  that  possessed  by  the  tract  of  land 
under  special  consideration  here,  and  is  very  common  throughout  wide 
areas  of  the  United  States  which  are  heavily  mantled  with  the  deposita 
of  the  later  glacial  epoch.  The  terminal  moraines  of  this  country  are 
impounding  reservoirs  of  great  extent  and  capacity  into  which  the 
rain  sinks  immediately  and  is  there  stored  under  conditions  of  least 
possible  loss  by  evaporation,  to  be  given  out  gradually  in  restricted 
but  innumerable  areas.  Heavy  rains  which  in  differently  constituted 
sections  are  lost  to  ^ricultnre  in  disastrous  floods  are  here  safely  and 
economically  stored.  It  is  to  this  stored  water  escaping  slowly  from 
the  ground  again,  more  than  to  direct  rainfall  and  flat  topography, 
that  we  owe  the  existence  of  our  innumerable  small  lakes  and  the 
many  acres  of  swamp  and  of  lowland  pastures  so  characteristic  of 
glaciated  areas,  and  it  is  to  these  many  naturally  subirrigated  tracts 
which  I  wish  to  call  attention,  as  being  so  promising  for  the  purposes 
of  market  gardening  and  other  types  of  intensive  fanning. 


Fio.  14.  a«oJoglal  atructare  bronble  to  natunL  inblrrlgitloii. 

There  is  another  point  in  this  connection  to  which  attention  should 
be  called.  There  are  numerous  tracts  of  country  underlaid  by  artesian 
waters,  at  varying  depths,  and  where  it  is  only  necessary  to  penetrate 
the  overlying  impervious  strata  to  obtain  water  at  the  surface.  Now, 
it  iB  a  well  established  fact  that  the  very  best  Portland  cements  are  very 
fftr  from  being  wholly  impervious  to  water  even  under  moderate  pree- 
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sures,  and  in  view  of  this  fact  it  has  often  occurred  to  me  that  a  care- 
ful  study  of  the  yield  of  crops  per  acre  for  years  of  deficient  rainf all, 
in  artesian  districts  as  compared  with  that  of  adjacent  areas  which  are 
not,  might  reveal  the  fact  that  there  is  a  not  inconsiderable  supply  of 
water  from  below;  which  might  help  to  explain  the  peculiar  pro- 
ductiveness of  certain  sections. 

This  question  is  not  without  significance  in  its  bearing  upon  the 
supply  of  water  to  cities,  through  the  instrumentalily  of  artesian  wells, 
because  if  it  is  true  that  there  is  a  slow  but  general  drainage  of  arte- 
sian basins  upward  through  the  confining  strata,  one  effect  of  this 
drainage  might  well  be  tb  develop  an  increasing  porosity  of  the  con- 
fining beds  which  would  diminish  the  effective  heads  of  the  wells  and 
might,  in  time,  even  cause  them  to  cease  to  flow  altogether,  not  from 
a  diminished  rainfall,  but  by  a  diversion  to  agricultural  uses  through 
a  general  subirrigation  of  the  waters  which  had  been  or  are  being 
used  for  city  purposes. 

It  does  not  appear  impossible  either,  that  in  districts  not  underlaid 
by  artesian  waters,  there  might  be  a  general  lowering  of  the  water  in 
the  wells  of  the  higher  grounds  on  account  of  an  increasing  porositj 
of  the  soils  of  the  surrounding  lower  lands. 

FLOW  OP  QROUND-WATER  FROM  THE   LOWER  UNDER  THE  HIQHBB  LANDS. 

When  a  series  of  dry  years  have  occurred,  like  the  three  just  pasti. 
the  surface  of  ground-water  is  drawn  down  to  an  abnormally  low 
level,  as  was  the  case  on  May  7,  shown  in  Fig.  10.  Then  when  such . 
a  period  is  followed  by  heavy  rains  the  soils  of  the  low  lands  fre- 
quently become  filled  first  so  that  the  normal  configuration  of  the 
water-surface  is  reversed,  that  under  the  low  lands  not  infrequently 
standing  higher  than  that  under  the  higher  areas.  The  reasons  for 
this  reversal  are  two,  first,  the  low  lands  have  less  storage  capacity 
than  the  high  on  account  of  there  being  less  depth  of  soil,  and  second, 
not  all  the  rains  which  fall  upon  the  high  lands  can  remain  upon  the 
surface  long  enough  to  enter  the  soil,  and,  as  a  result,  the  low  lands 
not  only  receive  practically  the  same  amount  of  rainfall  but  a  portion 
of  that  which  falls  upon  the  hills  is  carried,  by  surface  drainage, 
down  upon  them,  and  in  this  manner  the  ground-water  level  may  be 
carried  several  feet  above  that  under  adjacent  higher  lands.  Refer- 
ring to  Figs.  9  and  10,  and  to  the  two  contour  maps.  Figs.  3  and  4, 
it  will  be  seen  that  in  September,  1888,  the  water-level  at  well  33  is 
higher  than  at  any  other  point,  whereas  on  June  27,  1892,  the  water 
there  has  a  lower  level  than  at  any  other  point  along  that  line  of 
wells.  Under  these  conditions  there  is  a  reversal  of  the  direction  of 
the  underground  movement  of  the  soil  water,  the  current  setting  from 
areas  toward  the  higher  lands,  and  by  this  reversal  there  is 
o  the  high  lands  a  portion  of  the  water  which  fell  upon 
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tbem  as  rain  after  it  had  flowed  down  upon  and  percolated  into  the 
boidering  lower  grounds.  Well  33  has  been,  and  is  at  this  date,  July 
18,  still  rising,  while  the  water  in  the  other  wells  is  falling, 

THE    RATE    AT    WHICH    THE    LEVEL    OP     THE    GROUND-WATER     SURFACE 
•  CHANGES. 

The  mean  rate  at  which  the  ground-water  surface  rises  and  falls 
has  varied  between  rather  wide  limits,  but,  as  a  general  rule,  a  much 
shorter  period  has  been  required  to  produce  a  given  rise  than  has 
Eeen  consumed  in  producing  an  equal  change  downward. 

In  Plate  I,  I  have  plotted  the  twice-daily  observations  on  wells  of 
Series  B  and  X>,  extending  over  100  days  beginning  June  8,  1889,  and 
ending  September  17.  At  the  beginning  of  these  observations  the 
surface  of  the  ground-water  was  already  below  the  level  of  most  of 
the  tiles  so  that  the  lowering  of  the  surface  could  not  be  influenced* 
directly  by  the  action  of  the  drains.  The  total  mean  fall  of  the 
ground-water  surface  for  wells  40  to  46  and  27  and  28  was  13.96 
inches  during  the  80  days  from  June  18  to  September  6,  or  a  mean 
daily  rate  of  .174  inch.  During  131  days,  from  May  27  to  October 
29,  the  total  mean  fall  was  20.495  inches,  with  a  mean  daily  rate  of 
•156  inch  for  wells  40  to  46.  During  112  days,  from  June  9  to 
October  7,  1890,  the  total  mean  fall  for  the  same  wells  was  20.086 
inches,  or  a  mean  daily  rate  of  .179  inch. 

An  inspection  of  the  chart  shows  that  the  different  wells  did  not  all 
fall  at  a  uniform  rate,  and  if  we  arrange  them  in  the  order  of  the  dis- 
tance of  standing  water  in  the  ground  below  the  surface  we  shall 
have — 

Well  4ft  fell  daring  80  days 18.2 

Well  27  fell  during  80  days 12. 1 

Well  45  fell  during  80  days 12.  9 

Well  44  fell  during  80  days 13.  25 

Well  28  fell  during  8)  diiys '. 18.8 

Well  48  fell  during  80  days .' •. 18.8 

Well  42  fell  during  80  days 16.0 

WelUl  fell  during  80  days 15.4 

Well  40  fell  during  8J  days 16. 6 

With  but  one  exception,  that  of  well  45  as  compared  with  46,  the 
water  fell  more  rapidly  in  the  shallow  than  in  the  deep  wells.  The 
more  rapid  fall  of  the  ground-water  under  the  lower  land  was  due  to 
two  causes,  first,  the  shorter  distance  to  the  drainage  outlet  at  the 
lake  making  the  resistance  to  the  flow  less,  and,  second,  to  a  more 
rapid  loss  of  water  at  the  surface  of  the  ground  through  combined 
capillary  and  root  action. 

To  ascertain  whether  corn  exerts  a  measurable  influence  in  depress- 
ing the  ground-water  surface,  the  ground  occupied  by  the  wells  of 
Mries  D  was  divided  transversely  into  as  many  plots  as  there  are  wells, 


52 


FLUCTTJATIONS   OF   GBOUND-WATER. 


and  in  1889  corn  was  planted  over  wells  40,  42,  44,  and  46,  while  the- 
ground  about  wells  41,  43,  45,  and  47  was  left  fallow ;  then  in  1890 
the  conditions  were  reversed.  Determining  the  mean  fall  of  the  water 
on  the  fallow  plots  and  comparing  this  with  the  mean  fall  observed 
on  the  corn  plots  for  the  two  years,  we  get  the  results  given  in  the 
table  below : 

Table  showing  mean  fall  of  water  on  com  ground  compared  vnth  thai  on  the  fallaw 

ground. 


Date. 


1889 

May  27  to  June  20 

May  ayto  Jaly  i 

May  37  to  Jaly  lo 

May  37  to  August  i 

May  27  to  August  34 

May  37  to  September  26 

May  27  to  October  39 

1890 

June  19  to  July  2 

June  19  to  July  xo 

June  19  to  August  i 

June  19  to  August  28 

June  19  to  September  27 

June  19  to  October  7 


Com. 


XflCraOV. 

1-973 
3'5iS 

12.068 

X5«443 
20. 573 


3.914 
7.348 

13-532 

17.456 
19. 873 

30.288 


Fallow. 


inehm, 
X.918 

3.156 
5.091 

^353 
ZI.978 

15-324 
30.416 


3.646 
6.965 

>3-3S9 
17-053 

19-485 
19.884 


DiArenoe. 


Jiic*. 


3SX 


xzo 

119. 
157 


173 


38r 


It  will  be  here  seen  that  during  the  whole  of  the  growing  season  the 
mean  fall  of  the  water  under  the  corn  plots  was  greater  than  it  was 
under  the  fallow  ones,  not  simply  in  1889,  but  also  in  1890,  when  the 
plots  were  reversed.  It  would  appear,  therefore,  so  far  as  two  con- 
cordant trials  can  prove  a  complex  problem,  of  this  character,  that 
corn  does  exert  a  measurable  influence  in  depressing  the  surface 
of  standing  water  in  the  ground  where  it  lies  at  the  distance  below 
the  surface  which  it  occupied  in  these  trials,  which  was  7.77  feet  at 
well  40  in  1889,  on  September  26,  when  the  corn  was  cut.  During  the 
season  of  1890,  after  the  June  rains,  the  water  was  raised  about  1  foot 
above  the  level  of  the  preceding  year  at  this  date,  and  this  difference 
was  maintained  throughout  the  growing  season,  and  associated  with 
this  higher  level  of  the  ground-water  there  was  a  larger  difference  be* 
tween  the  levels  of  the  water  under  the  fallow  plots  and  those  bearing^ 
corn,  a  feature  which  should  be  expected  if  an  increase  of  vertical 
distance  diminishes  the  rata  at  which  water  can  be  moved  toward  the 
surface. 

The  abrupt  rise  of  the  water  in  all  of  the  wells  shown  on  the  left 
margin  of  Plate  I  was  due  to  direct  percolation  of  water  following  the 
rainfall  of  a  little  more  than  1.1  inch  shown  at  the  foot  of  the  plate. 
Examining  these  rises  in  detail,  it  will  be  seen  that  the  two  shallow-- 
est  wells,  Nos.  5  and  41,  responded  at  once,  while  the  othelrs  lagged 
behind  varying  lengths  of  time,  the  highest  point  not  being  reached 
in  the  deepest  wells,  Nos.  46,  45,  and  28,  until  after  the  lapse  of  48  to- 
72  hours  after  the  rain  began.    It  will  be  noticed,  also,  that  wells  4& 
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mnd  45,  which  are  in  the  more  sandy  soil,  show  only  the  general  rise 
of  the  whole  ground-water  surface,  while  all  the  others  show  by  the 
abrupt  fall  of  the  water  that  there  had  been  a  lateral  percolation  of 
water  into  them.   • 

There  are  other  long  period  and  nearly  synchronous  rises  shown  by 
the  curves  which  are  common  to  all  of  the  wells,  but  which  do  not  ap- 
pear to  be  so  plainly  the  direct  result  of  percolation,  although  all  of 
them  occur  near  or  at  the  time  of  rainfalls  of  greater  or  less  amounts. 
These  are  six  in  number,  the  last  one  being  double ;  the  first  occurs 
•after  July  2,  following  a  rainfall  of  about  .6  inch,  t)ut  is  of  small 
magnitude;  the  second  is  larger  and  follows  a  similar  rain  which 
fell  on  the  14th ;  the  third,  a  very  marked  one,  following  the  rains  of 
the  26th  to  the  29th,  but  the  culminating  point  is  not  reached  until 
August  2,  where  there  is  another  rain  of  .05  inch,  and  six  days  later 
than  the  main  fall  of  rain;  following  August  8,  the  fourth  occurs 
after  a  rain  of  about  .5  inch ;  the  fifth  is  very  slight  except  in  well  27, 
and  occurs  two  days  later  than  a  rainfall  of  .12  inch ;  while  the  last 
and  most  pronounced  rise  of  all  except  the  one  first  referred  to  attains 
its  summit  five  days  after  a  rainfall  of  1.3  inch. 

The  surface  soil  had  become  very  dry  just  before  all  of  these  rains, 
crops  were  suffering  for  water  badly,  and  no  one  of  the  drains  showed 
signs  of  discharging,- whereas  after  the  first  period  of  rise  they  did.  It. 
does  not  appear  to  me,  therefore,  that  these  can  be  cases  of  rise  in  the 
ground-water  due  to  percolation  from  the  surface. 

If  these  are  in  reality  not  cases  of  direct  percolation,  such  fluctua- 
tions might  be  accounted  for  in  this  particular  locality  by  supposing 
that  the  higher  ground,  which  the  map  shows  to  lie  between  the  area 
under  consideration  and  the  lake,  retards  surface  evaporation,  as 
would  be  the  case  on  other  surrounding  high  lands,  while  the  lower 
tract,  where  the  wells  are  located,  lying  closer  to  standing  water  in  the 
ground  might  permit  a  more  rapid  lowering  of  the  water  surface  by 
the  greater  effect  of  evaporation  being  added  to  that  of  drainage  so 
that  the  level  became  here  depressed  below  the  level  normal  to  the 
drainage  resistance.  If  this  had  really  occurred,  any  cause  which 
would  diminish  the  rate  of  upward  movement  of  water  to  the  surface 
from  the  ground-water  surface  would  permit  the  level  to  rise  toward 
the  normal  drainage  level,  and  thus  develop  the  fluctuations  noted.  A 
really  serious  objection  to  this  view  is  found  in  the  fact  that  wetting 
the  surface  of  soil  under  certain  conditions  of  dryness  induces  a  more 
rapid  movement  of  water  toward  the  surface  frdm  below,  sometimes 
through  depths  as  great  as  four  feet,  as  direct  observations  have  shown. 
There  is,  however,  no  evidence  presented  by  the  character  of  the  curves 
under  consideration  that  such  an  increased  movement  has  developed 
li  more  rapid  fall  of  the  ground-water  as  should  be  true  if  the  influence 
in  question  extended  to  that  depth. 
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But  the  most  remarkable  peculiarity  presented  by  these  curves  is 
the  pronounced,  and  in  some  cases  extremely  large,  diurnal  fluctua- 
tions in  the  level  of  water  in  these  wells.  The  curves  show  that  there 
is  a  general  tendency  for  the  water  either  to  rise  during  the  night  or 
else  to  fall  less  rapidly  than  during  the  day,  and  these  will  be  referred 
to  again. 

RELATION   OP  THB   BATE    OP   PALL  IN  THE    GBOUND-WATER   StJRPACE    TO 

BAROMETRIC   PRESSURE. 

To  ascertain  whether  there  is  a  difference  in  the  mean  rate  of  fall 
of  the  ground-water  surface,  when  judged  by  well  measurements,  the 
data  obtained  through  the  use  of  the  micrometer  have  been  tabulated 
in  such  a  manner  as  to  show  the  amount  of  change  in  the  water-level 
during  the  interval  from  highest  barometer  to  the  following  lowest 
pressure,  which  is  not  less  than  .1  inch  lower,  and  this  has  been  com- 
pared with  the  change  which  was  found  to  occur  during  the  following 
interval  of  barometric  rise  to  the  highest  point,  which  was  not  less 
than  .1  inch  higher. 

To  render  the  amounts  of  change  during  the  different  periods  com- 
parable, the  mean  daily  rate  of  change  has  been  determined  by  divid- 
ing the  total  change  observed  in  each  period  by  the  number  of  days 
in  them.  Since  rainy  periods  are  associated  with  times  of  low  baro- 
metric pressure,  whatever  percolation  may  have  occurred  during 
periods  of  falling  barometer  would  tend  to  diminish  the  normal  fall 
of  water  for  times  of  low  pressure,  and  at  the  same  time  tend  to  in- 
crease the  fall  during  periods  of  high  pressure,  except  at  times  of 
large  rainfall,  which  caused  the  period  of  percolation  to  extend  into 
or  across  one  or  more  periods  of  high  pressure. 

Table  showing  mean  daily  rale  of  change  in  the  ground-water  level  associated  with 

rising  and  failing  barometer. 


o 

4) 


I 

2 

3 

4 

5 
6 

7 
8 

9 
lo 

II 

12 

13 
14 

»5 

16 

17 
x8 

19 


Date. 


1888. 

Seplemher  18-23 

Se|»HMnber  23-25 

Sc'pieiiUter  2J-29 

rio|Hein*)er  29-Outober  i ... 

Ocioher  1-2 

Dtlolier  2-3 

Oi'tober  3-4. 

(H'lotier  4-6 ,> 

OctolH*r  9-13 

(H:tolier  13-14 

Octutx^r  14-16 ( 

October  16-18 

0<-toher  18-19 ' 

Ocinlior  19-21 

Oi'tober  21-27 

Oc'iobor  27-30 

Octolier  30-^1 

October  31-November  i . . . 
^ovelnbe^  1-2 


Rainfiill. 


Jneh». 
.24 
.04 


.76 


•79 


05 


Changes. 


Barometer  rising. 


Bnrome* 
ter. 

Inek. 
+•59 


Wells. 


Inches. 
—  .121 


•74 


•63 
.61 


•33 
.19 


•35 
•52 


•4a 

.10 


—  .212 


■895 
441 


.192 
233 


103 


.129 
.247 


Barometer  Cilling. 


Wells. 

Bcirome- 
ter. 

Inchet, 

Inch, 

+  .116 

-•73 

+  -153 

.85 

+  .^96 

•34 

—  -045 

•27 

+  -077 

.32 

+  .640 

•31 

+  .046 

.60 

+  •243 

•34 

+  .'307 

•19 
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TabU  showing  mean  daily  rate  of  change  in  the  ground-water  I^eoel — Continued. 


aate. 


o 

ft. 


20 
31 
22 

23 

>5 

36 
38 

»9 

30 
3« 
3« 
33 
34 

37 
3^ 
39 
40 
4t 
42 
43 
44 
45 
46 

4I 

49 

JO 
5» 
5» 
S3 

54 
55 

56 

57 

58 

59 
60 

61 

63 

63 

64 

67 
6» 

69 

70 

7« 

7J 

73 

74 

75 

76 

77 

7» 

79 

80 

81 

S2 

«5 
86 

87 


69 

•95 
97 


1S88. 

Noremher  2-3 

Noreniber  3-5 

November  5-7 

November  7-10 

November  16-20 

Novem»ier  20-23 > . . 

l>pcember  3-5 *., 

Ifeccmber  5-6 

I>eccm»»er  6-7 

December  1 1-14 

18S9. 

Mfty3-7 

MHy7-9 

Mny  9-10 

Mny  lo-ii 

Mayii-it> 

Miiy  16-22 

Maj  22-23 

May  23-25 

MHy25-27 

Mny27-io 

May  310-June  3 

June  3-6 

Jane6-7 

June  7-10 

June  lo-is 

June  15-19 

Jntie  19-24 

June  24-26 

J">y3-6 

July  6-9 

July  9-II 

July  11-12  .., 

July  12-16 

July  16-18 

July  18-24 

July  24-28 

July  2S-31 

July  3i-AngU8t  i 

August  1-6 

AugiiHt  6-8 

i^u;$U4t8-ii 

^u^ust  11-13 .,..".% 

.%ugu<«t  13-17 ^., 

A.iiKU)it  17-20... 

August  20-26 

AuuMAt  26-28 

Anxu.Ht  28-31 

August  31-Septeiuber  4. . 

September  4-1 1 

September  1 1-14 

September  14-16 

September  iS-20 

September  20-22 

Sepcemljer  22-23 

Sep^emtier  23-^ 

Septeml»cr  27-30 

September  30-U^tober  2 . 

Uciohcr  2-3 

Oetolier  3-4 

October.  4-5 

♦  October  12-14 

October  14-19 

Oct<iber  19-23 

October  23-25 

October  25-2q 

Octotier  39-Noven)ber  2  . 

November  2-5 

November  5-13 

1890. 

June  3-5 

Jnii«5-9 

June  14-16 

June  19.21 

June 31-33  ••• 


Bain&ll. 


Inches. 
.41 


J? 
58 


.30 

•15 


•44 

I'OI 


.09 

1.03 


04 


,07 
-58 


14 
10 


23 


-49 


■83 
29 


.05 


50 


05 


12 


.03 
1-44 


23 


09 
14 


•.31 
.03 

.07 

2.97 

.22 

1.76 


Changes. 


Barometer  rising. 


B:irome- 
ter. 


Inch, 
•31 


■31 
5» 


53 


'35 


34 


12 


34 
.22 


•39 
.16* 

•45 


.68 
•33 


.16 


•37 

.48 


30 
20 


•24 

'34 


■17 
43 


25 
44 


■47 
39 


37 
■56' 


58 
•48' 
'95 


51 
23 


13 


Wells. 


Inches, 
—  .123 


—  .130 

—  .149 


—  .240 


—  -130 


—  274 


—  -233 

—  •IIS 


—  .210 

—  ^245 


—  .182 

—  -037 


—  -296 

—  •«73 


—  ^233 

—  .072 


—  .214 

—  .036 


—  .165 

—  .017 


—  .129 

—  .197 


—  .242 
+  -204 


.114 
.184 


lOI 

142 


215 
.104 


.060 
.070 
.147 


-2.931 
+5.340 


+  •138 
•Some  periods  in  the  original  tables  are  omitted  here. 


Barometer  falling. 


Wells. 


Barome- 
ter. 


Inches. 

Inch. 

+  .043 

.22 

+  .236 

.•.....'a.. 

•50 

—  -045 

—  .078 

.38 

•44 

+  .180 

•29 

—  .103 

.60 

+  -045 

.11 

—  .062 

•23 

+  •045 

•23 

+  •398 

•38 

—  .016 

•33 

-f-  .001 

•29 

+  .211 

.07 
•37 

—  '149 

•31 

—  -305 

•25 

—  -353 

•24 

—  .148 

•43 

—  .080 

•38 

-  .084 

.22 

—  .199 

.38 

—  ^139 

•30 

—  .220 

.28 

—  .216 

.12 

—  .169 

•47 

—  .102 

•31 

—  .074 

•48 

—  .060 

•25 

—  .040 

•53 

—  .126 

.18 

—  .099 

•24 

—  .030 

.60 

+  .106 

.80 

+  ^097 

.63 

+  .110 

+7. 162 

.67 
•32 

+2. 105 

•24 
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Table  showing  mean  daUy  rate  of  change  in  the  ground-water  level — Continaed. 


98 
99 

TOO 
lOI 

ro2 

103 
104 

l^ 

IS 

109 
no 
III 

T13 

"3 
"4 

116 

117 
XI8 
119 

T70 

lai 

132 

"3 
124 

"5 

126 
127 

xa8 

139 

130 
131 


Date. 


1890. 

June  23-24 

J  une  24-20 

June  26-July  1 

July  1-5 

July  5-7 

July  7-10 

July  10-14 

July  14-16 

July  16-17 

July  17-19 

July  21-24 

August  1-3 

August  3-6 

August  6-8 

August  8-11 

August  11-13 

August  13-15 

August  15-16 

August  16-18 

August  18-19 ' 

August  19-30 

August  30-3I 

August  21-23   

August  31-20 

August  26-30... 


April  8-10. 
April  IO-13 
April  ia-14 
April  14-16 
April  16-18 
April  18-20 
April  20-23 
April  33-34 
April  37-38 


1891. 


Rain&ll. 


Inches. 


.48 
.025 

•  II 

•  11 


10 


.09 
'475 


"•505 


•15 
.96 
.10 


•05 
.06 


I. 


:22 


.18 
.30 


5a 

23 


Changes. 


Barometer  rising. 


Barome- 
ter. 


Inch. 

.13 


•31 
-36' 


'41 

'24 


>3I 

■46' 


17 
19 


'I5 
.40 

■32 


■41 
.43 


17 
30 


Wells. 


Inchet. 
—  •302 


MS 
M9 


'354 

.407 


.106 
.332 


361 
■  065 


•.207 

•338 
•235 


+1.370 
+  -593 


—  -505 


—  .681 

—  .990 


Barometer  fitlling. 


Wells. 

Barome- 
ter. 

Inchet. 
—    932 

Inch. 
.xo 

—  -724 

'M 

—  .289 

.24 

—  .196 

•39 

—  .316 

.a6 

—   .JOl 

-.284 

•45 
•14 

—  .122 

•39 

—  .046 

.31 

+  .004 

•15 

+  -055 

•23 

—  .001 

•23 

+  .318 

•5a 

+2.456 

•54 

—  .127 

•31- 

+  -328 

•32 

+1.013 

•30 

If  we  compare  the  changes  in  water-level  which  occurred  during 
the  two  long  intervals  in  1888,  when  there  was  no  rain,  and  the  long 
one  in  1889  at  times  of  rising  and  falling  barometer  we  shall  have, 
for  the  mean  daily  change,  the  following  results : 


Periods  3  to  lo 

Periods  24  to  39 

Periods  76  to  84 

General  mean 


Rising 
barometer. 


Inch. 

—  -395 

—  .173 

—  .118 

—  .339 


Falling 
barometer. 


Inch. 

t.o68 
.019 
—  .037 

+  '017 


For  these  intervals  of  time,  therefore,  there  was  a  mean  daily  fall 
of  the  water-surface  during  the  days  of  rising  barometer  amounting 
to  .229  inch,  while  during  the  periods  of  falling  barometer  there  was 
a  mean  daily  rise  of  .017  inch. 

If  we  determine  the  mean  daily  change  during  all  the  periods  of 
rising  barometer  in  1888  and  in  1889,  and  in  those  of  1890,  after  the 
heavy  rains  preceding  July  5,  and  compare  these  with  that  which 
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occurred  during  the  periods  of  falling  barometer  for  the  same  inter- 
vals of  time,  we  shall  have  the  results  given  below : 


Mean  daily  change  for— 


1688. 
X889. 
1890. 


Rising 
barometer. 


Falling 
barometer. 


General  mean 


Inch, 

—  -235 

—  -143 

—  -295 

—  .324 


Inch. 

+  -HI 

—  .046 

—  .098 

—  .ooi 


These  observations  show  that  a  generalized  curve  representing  the 
fall  of  water  in  a  well  would  have  a  form  such  that  the  steeper  slopes 
span  intervals  of  rising  barometer  and  the  less  steep  ones  periods  of 
falling  barometer. 

RATE   OF   CHANGE   IN   THE   GROUND-WATER   LEVEL   FROM    MORNING   TO 

EVENING  AND   FROM   EVENING   TO   MORNING. 

As  has  already  been  pointed  out,  there  is  a  general  tendency' for 
the  water-level  of  the  wells  under  consideration  to  fall  more  rapidly 
during  the  day  than  during  the  night,  and  it  is  proposed,  in  the  fol- 
lowing tables,  to  give  some  of  the  data  upon  which  the  above  state- 
ment is  founded.  The  observations  for  the  several  wells  have  been 
grouped  into  periods-  and  the  total  change  which  occurred  from 
morning  to  evening  and  again  from  evening  to  morning  for  each  of 
these  periods  determined.  To  reduce  these  all  to  a  common  unit,  the 
observed  total  change  for  each  well  during  a  given  period  has  been 
treated  as  follows : 

Let  a  =  total  observed  change  in  well  during  a  given  period ; 

b  —  length  of  time,  in  hours,  between  the  a.  m.  and  p.  m.,  or 

p.  m.  and  a.  m.  observations ; 
n  —  number  of  ^pbservations  in  the  period. 

Then,  ^  .  1,000  — change  for  1,000  hours. 
0  n 

This  is  supposing  the  observed  mean  rate  to  have  continued  during 
1,000  hours.  The  following  table  contains  the  results  of  this  treat- 
ment for  the  wells  there  specified  by  Arabic  numerals  at  the  left 
during  the  periods  numbered  in  Roman  at  the  top : 
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Tctble  skomng  changes  in  the  level  of  ground-wat^from  morning  to  evening  andfri 

evening  to  morning ,  compfUedjor  1,000  hours. 


Number  of 
well. 


a6. 


5- 
13- 
14. 

It: 
'I: 

7- 
39- 


Average  . . 


Period  I. 


A.M.to 
P.M. 


•12.63a 
■14.  an 
■  2-297 


•  9-473 
-ia.634 

-  9-473 
-io.5a6 

-15-789 
-25. 263 

-a8.43i 
-41-474 

—16.655 


P.M.  to 
A.M. 


—  I. 128 

+  »-505 

—  8.270 


t 


+  3-009 
-4-    .460 

+  -758 
--3-762 

--  5-642 
4-  8.276 
-[-11.285 
4-12.  a6o 

+  3-390 


Period  II. 


A.M.to 
P.M. 


-  8.2 


.aw 
.486 


1-943 
—I  a.  105 

—  6-073 


5- Sao 
3.887 


■15-304 
■'5-831 
-  6.096 


P.M.  to 
A.M. 


-5-266 
—11.285 
—13. 166 
4.4-966 
-t-  I'3i6 


.000 
—  1-505 


-f    .564 
—28.589 

-5.885 


Period  III. 


A.  M.  to 
P.M. 


+3.158 

— 4.060 
—  .486 


—  -541 
—2.707 


—4.060 

+«-745 
-fi-594 


P.M.  to 
A.M. 


—  2.228 

—  5-517 
— 10.000 

+  2.22S 

—  1-379 


-h    -700 
-f  2.328 


•f-  1*910 


-1-6.207 
-    -750 


Period  IV. 


A.M.to 
P.M. 


■fi-749 
—  .486 

■f3.8S7 
+  .194 
—1.263 


-I-1.069 
—  .094 


-3.401 


+2.818 
+  -519 


P.M.  to 
A.  M. 


+  2.517 
+  1-379 
■7  1-379 
+  -552 
—  1.931 


—  1.103 
+    -759 


+  3-793 


+12.483 
+  1-897 


Period  V. 


A.M.to 
P.M. 


-0.551 
—2.936 

—2.232 

—8.806 


—5-132 


P.M.  to 
A.M. 


•f2.586 

—2.351 

—2-351 
+5.406 


4*.  23 


Number  of  well. 


26 

I::::::::: 

5 

40 

41 

42 

43 

44 

45 

46 

Average 


Period  VI. 


A. M.  to 
P.M. 


—11-539 
-    .976 

—  1-144 
—10.086 

—  4-541 

—  2.725 

—  2.859 
<—  6. 123 

—  5-753 
+  -437 
—20.600 

—  5-992 


P.M.  to 
A.M. 


+  9.962 

—  1-097 

—  1-628 

+10.934 

—  1-593 

—  2.442 

—  .177 

ttM 

-J-  1.840 
--24.738 

+  4-596 


Period  VII. 


A.  M.  to 
P.M. 


—15-351 
-10.526 

—  5.012 

-15.915 

—  7-205 

—  8. 145 

—  11.842 
—10.714 
— 10. 464 

—11-779 
—12.218 

—10.834 


P.M.  to 
A.M. 


—  1.069 

—  4-774 
—10.688 

+  2*5^ 

—  8.194 

—  6.769 

—  7.909 

—  4.916 

—  8.767 
—10.118 
—11.044 

—  6.429 


Period  VII I. 


A.M.to 
P.M. 


-11.348 

-  3.691 

-  3-445 
-21.821 

-  2.969 

-  6.582 


7- 
7- 
5- 
7- 


737 
605 
777 
574 


—12.955 
-  8.319 


P.M.  to 
A.  M. 


—  9-665 

—13- 163 
—10.757 

—  4-634 
—10.834 
-7-278 

—  8.047 
-*  7-085 
-10.951 
— 10.015 

—  5-166 

—  8.872 


Period  IX. 


A.M.to 
P.M. 


—  8.862 

—  5-215 

—  4.373 
—91-452 

—  5.028 

—  5-879 

—  6*966 

—  6.203 

—  9.719 

—  7.192 

—  9.491 
—14.580 


P.M.  to 
A.  M. 


—  .271 

—  4*655 

—  7-857 
+86.593 

—  7-090 

—  5-459 

—  4.660 

—  5-714 

—  2. 179 

—  4-877 

—  1.656 

+  3-834 


Number  of  well. 


26., 

27. 

28. 

5- 
40., 

41. 

42. 

43- 

44. 

45*  • 

46.. 

47*- 


•••••• 


A VQta^O  ••«•••*•• 


Period  X. 


A.M.  to 
P.M. 


-  8.847 

-  6.254 

-  5- 967 
-11.492 

-  4.*385 

-  6.748 

-12-575 

-  6.422 
-It. 071 

-35-485 
-11.087 


—10.939 


P.M.  to 
A.M. 


-^  1-985 

—  4-300 

—  3.026 

—  -936 

—  6.769 

—  5.278 
-t-    .088 

—  4-954 

—  -495 
+23-615 

—  3- 128 


Period  XI. 


A.M.  to 
P.M.. 


-11-544 

-  5.666 

-  9-403 
-13.67(3 

t.2O0 
■763 
■28.963 

-24-451 
-16.763 

-50*897 
-31-844 


—     -652 


—18.831 


P.M.  to 
A.  M. 


—  8.371 

—  1-326 

—  7-794 

—  6. 121 

—  9-709 
--  7.918 

-f-12.2I2 
+  10.271 

—  1-496 
•f  29.  202 

+  9-795 


Period  XII. 


A.M.to 
P.M. 


+  .•027 
—  1-327 
+    -073 


—  3-273 

—  1*427 

—  .864 

—  3-527 

—  3-318 

—  1.036 
+  1-336 
+  1-973 


-f  1.704  I  —  1.033 


P.M.  to 
A.M. 


.070 
2.771 


1.964 

2.805 

1.800 

.550 

2-393 
8-790 

.571 
1.628 


Period  XIII. 


A.M.  to 
P.M. 


•  7.04a 

•  8.622 
-12.422 


■5.867 
•10. 133 
•10.655 


•11.600 
■10. 167 
•13.222 
•11.244 


—  1-644     -  9.179 


P.M.  to 

A.M. 


■11.893 
•10.40a 
•  8. 161 


7.286 


—  8.303 

—  3.509 

—  6.661 
—11.232 

-8.467 


This  table  shows  that  in  the  majority  of  cases  the  rate  of  fall  in  the 
ground-water  level  is  more  rapid  during  the  hours  from  6  a.  m.  to  6 
p.'m.  than  it  is  from  6  p.  m.  to  6  a.  m.  Now,  while  there  are  numerous 
exceptions  to  this  statement,  yet  the  exceptions  are  largely  confined 
either  to  certain  wells  or  else  to  particular  periods,  as  the  following 
condensed  tabulation  will  show : 
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Agre^    Exoep- 
ments.     tions. 

lo  well  26  during  13  periods  there  were^ 10  8 

In  well  27  daring  18  periods  there  were , 8  5 

In  well  28  daring  13  periods  there  were 8  10 

In  well   6  daring  10  periods  there  were^ 10  0 

In  well  18  daring  4  periods  there  were 2  2 

In  well  14  daring  1  period  there  was 1  0 

In  well  16  daring  4  periods  there  were.. 8  1 

In  well  16  during  4  periods  there  were 4  0 

In  well  17  during  1  period   there  was « .* 1  0 

In  well   6  daring  4  periods  there  were 4  0 

In  well    7  daring  1  period   there  was 1  0 

In  well  89  during  4  periods  there  were 2  2 

In  well  40  daring  8  periods  there  were 2  6 

In  well  41  daring  8- periods  there  were 6  2 

In  well  42  during  8  periods  there  were 6  2 

In  well  48  daring  7  periods  there  were 7  0 

In  well  44  during  8  periods  there  were 7  1 

In  well  45  during  8  periods  there  were 7  1 

In  well  46  daring  8  periods  there  were 7  1 

In  well  47  during  2  periods  there  was 1  1 

Making  in  129 92  87 

There  are  thus  shown  to  be  71  per  cent,  of  the  cases  where  the 
mean  fall  during  the  daytime  is  greater  than  it  is  during  the  night. 
Then,  again,  of  the  37  exceptions,  21  are  found  in  3  wells  and  10  are 
found  in  one.  If  we  make  the  tabulation  by  periods  the  case  will  stand 
as  below : 

Agree-    Bxcep. 
lc$oo.  ^  ments.     tions. 

September  18  to  29,  Period  I,  of  11  wells  there  were „.  10  1 

October  1  to  14,  Period  II,  of  9  wells  there  were 6  8 

October  16  to  28,  Period  III,  of  9  wells  there  were 4  6 

October  29  to  NoTember  10,  Period  IV,  of  9  wells  there  were.. 6  8 

1889. 

May  19  to  Jnne  1,  Period  V,  of  4  wells  there  were 8  1 

June  4  to  18,  Period  VI,  of  11  wells  there  were 9  2 

Jnne  20  to  27,  Period  VII,  of  11  wells  there  were 9  2 

Jnly  8  to  17,  Period  VIII,  of  11  wells  there  were 4  7 

July  18  to  Augnst  1,  Period  IX,  of  1 1  wells  there  were 9  2 

Angnst  2  to  16,  Period  X,  of  11  wells  therewere 10  1 

August  17  to  81,  Period  XI,  of  11  wells  there  were 10  1 

1891. 

•January  19  to  81,  Period  XII,  of  11  wells  there  were 6  6 

February  14  to  22,  Period  XIII,  of  10  wells  there  were 7  8 

Making  in  all  129  cases,  with  92  agreements  and  37  exceptions. 

Here,  again,  18  of  the  exceptions  occur  in  periods  III,  VIII,  and  XII. 
.  Determining  the  average  change  of  all  of  the  wells  during  all  of  the 
periods,  it  is  found  to  be  — 8.583  inches  in  1,000  day  hours,  and 
— 1.309  per  1,000  night  hours.  Making  a  similar  determination  for 
periods  VI  to  XIII,  inclusive,  when  the  largest  number  of  wells  were 
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being  measured  at  the  same  time,  we  get  — ^9.972  inches  as  the  change 
during  the  day,  and  ^1.917  as  the  change  during  the  night  for  each 
1,000  hours. 

AUTOMATIC   BECOBPS   OF   THE  FLUCTUATIONS  IN   THE  LEVEL   OP  GROUND- 
WATER. 

It  became  evident  very  soon,  in  the  study  of  the  changes  which  take 
place  in  the  level  of  ground-water,  that  not  only  continuous  but  ayn- 
chronous  records  would  be  required  before  the  real  character  and  ex- 
tent of  these  movements  could.be  made  known,  and  early  in  the  sum- 
mer of  1891  the  practicability  of  obtaining  continuous  records  was 
established  by  mounting  a  pen  upon  an  axis  so  that  a  float,  resting 
upon  the  surface  of  the  water  in  a  well,  would  cause  the  pen  to  record 
the  movements  of  the  water  upon  a  sheet  carried  by  the  drum  of  a 
thermograph,  and  Pig.  15  is  a  reproduction  of  one  of  the  earliest  rec- 


Fio.  15.  Aatomatic  record  of  fluctuations  of  waterln  well  48,  from  6  p.  m.,  Biay  30,  to  6  a.  m., 
June  z,  1891,  with  the  Bynohronous  barogntph  record  below. 

ords  thus  obtained,  the  instrument  being  placed  in  well  48,  which  has 
a  depth  of  40  feet  and  is  tubed  with  6-inch  iron  pipe  down  to  rock,  37 
ieet  below  the  surface.  There  was  in  this  well  at  the  time  the  first 
records  were  obtained  20  feet  of  water,  and  it  had  just  been  sunk. 
Water  was  first  reached  at  a  depth  of  about  25  feet,  but  after  the  drill 
entered  the  sandstone  2.5  feet  the  supply  of  water  to  the  well  consid- 
erably increased  and  the  head  raised  5  feet. 


\ 
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The  financial  assistance  rendered  in  this  inveetigation  by  the 
Weather  Bureau,  through  the  U.  S.  Department  of  Agriculture,  made  it 
poesible  to  have  twelve  special  recording  instruments  constructed  for 
the  purpose  of  this  study,  one  of  which  is  shown  in  Fig.  16.  "the  in- 
stzument  consists  of  a  drum,  carrying  a  record  sheet,  which  is  driven 
by  a  double  marine  eight-day  clock  movement  in  ten  of  the  instru- 
ments, and  a  one-day  movement  in  the  other  two.  A  copper  float 
connected  with  a  lever  working  upon  conical  bearings  transmits  the 
movements  of  the  water  surface  to  the  pen.  The  arm  of  the  lever  to 
which  the  float  is  attached  is  one-third  the  length  of  that  carrying 
the  pen,  thus  producing  a  curve  having  an  amplitude  three  times  the 
Dormal.  The  Suctuations  in  most  wells,  however,  have  been  found 
flo  ]»Tg6  as  not  really  to  require  this  amplification  for  any  but  the 
smaller  short-period  fluctuations.  The  float  consists  of  a  hermetic- 
ally sealed  copper  cylinder  6  inches  long  and  3  inches  in  diameter, 
loaded  so  as  to  float  about  one-half  immersed  in  the  water.  The  eight 
guard  wires,  shown  in  the  figure,  attached  to  the  float  are  for  the  pur- 
pose of  preventing  surface  tension  from  drawing  it  against  the  wall 
of  the  well  and  thus  interfering  with  its  free  movement. 


fia.  16.  S«ir.r«<»ri)lDgapp«n>la*  lot  reglnUring  flnctuMloni  of  v*t«t.lsTel  in  valU. 
While  these  instruments  have  answered  very  well  for  the  hasty  pre- 
liminary study  for  which  they  were  designed,  there  are  several  im- 

NoTE. — It  is  dne  to  the  tDanaractiirer  of  theae  inBtrumeiiti,  Mr.  Henry  J.  Qreeo,  to 
•tj  bere  that,  considering  the  few  weeks  he  had  at  hU  disposal  for  the  construction  of 
(hem,  Knd  the  lack  of  spedfic  details  to  guide  him,  the  order  was  exceptionally  well 

sued. 


f 
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portant  improvements  required  in  them  before  they  are  capable  of 
yielding  exact  recordfi.  As  some  of  the  imperfections  referred  to 
affect  the  results  to  be  reported  here,  they  will  be  pointed  out  in  this 
place.  In  the  first  place,  through  an  oversight,  due  to  great  haste  in 
the  construction  of  the  pieces,  no  provision  was  made  for  easily  ad- 
justing the  pen  to  the  exact  ininute  on  the  record  sheet  when  a  new 
one  was  put  in  place,  and  this  has  rendered  it  difficult  to  exactly 
combine  the  records  so  as  to  show  the  true  time  relations  existing  be* 
tween  the  fluctuations  of  the  different  wells.  In  the  second  place,  the 
screw  movement  by  which  the  clock  is  coupled  with  the  drum  intro- 
duces a  periodic  error  which  throws  the  recorded  events  slightly  out 
of  their  true  time,  but  is  so  small  as  to  seriously  affect  only  the  short-^ 
period  fluctuations,  and  time  has  not  permitted  the  application  of 
any  correction  for  it.  This  method  of  connection  also  introduces  a 
third  source  of  error  by  the  considerable  slack  movement  which  it 
necessitates,  and  to  overcome  which  no  provision  was  made.  In  set- 
ting the  clock  the  drum  could  be  placed,  of  course,  so  as  to  take  uj^- 
all  slack,  but  the  errors  introduced  from  this  source  come  through 
any  jar  which  the  instrument  might  sustain,  and  in  some  cases  might 
exceed  one  hour  in  time.  These  facts  should  be  constantly  borne  in 
mind  when  considering  the  continuous  records  presented  in  this  re- 
port. 

THE   COMPLEX   CHARACTER    OP    FLUCTUATIONS    TO  WHICH   THE    SURFACE 

OF  GROUND-WATER   IS   SUBJECT. 

It  is  proposed  to  enumerate  here,  as  preliminary  to  the  presentation 
of  the  results  which  have  been  secured  through  the  self-recording  in- 
struments and  associated  studies,  some  of  the  conditions  which  affect 
the  level  of  ground-water,  or  may  be  expected  to  do  so. 

Po88ible  secular  changes  in  the  level  of  ground-water. 

It  is  a  common  remark  made  by  many  of  the  older  settlers  of  this 
state  and  of  Illinois,  that  the  water  stands  permanently  lower  in  the 
wells  than  it  did  in  earlier  times,  and  that  many  tracts  of  land  which 
it  was  then  impossible  to  get  upon  with  a  team  are  now  hard  enough 
to  do  so  without  difficulty.  Without  attempting  to  assign  a  cause  for 
these  supposed  or  real  changes  in  the  level  of  the  ground-water,  atten* 
tion  may  be  called  to  some  changes  now  in  prpgress  tending  to  pro- 
duce such  alterations  as  that  referred  to. 

In  those  sections  of  country  undergoing  secular  changes  of  level 
due  to  movements  of  the  earth's  superficial  strata,  it  is  evident  that 
all  artesian  basins  experiencing  any  differential  movement  that  would 
alter  the  relative  height  of  the  supply  and  drainage  portions  must 
tend  to  have  established  new  drainage  rates  for  them,  and  if  the  drain- 
age portion  of  such  a  basin  is  being  progressively  lowered,  relatively. 
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by  auy  cause,  while  the  mean  percolation  of  rain  into  it  remains  the 
same,  the  level  of  the  ground-water  would  tend  to  progressively  decline. 

Then  again  the  depression,  by  surface  erosion,  of  river  beds  or  th^ 
outlet  of  lakes  into  which  the  ground-water  of  the  surrounding  high- 
lands drains,  must  have  a  tendency  to  increase  the  drainage  gradient 
and  hence  to  lower  the  level  of  ground-water  until  equilibrium  is  es- 
tablished between  the  drainage  and  the  mean  annual  percolation. 

The  water  which  percolates  into  the  ground  and  again  emerges  from 
it  carries  away,  both  in  solution  and  in  mechanical  suspension,  large 
quantities  of  the  rock  constituents  with  which  it  has  come  in  contact; 
and  this,  unless  counteracted  by  other  changes,  must  tend  to  develop 
an  increasing  porosity  or  widening  of  the  passageways  through  which 
the  water  moves,  and  so  to  decrease  the  resistance  to  drainage  and 
hence  to  lower  the  general  level  of  ground-water  in  the  region  so 
affected. 

If  in  any  considerable  tract  of  country  the  mean  surface  consump- 
tion of  water  is  increased  by  a  material  increase  in  the  annual  pro- 
duction of  dry  matter  per  acre  in  the  form  of  vegetation,  there  must 
necessarily  be  a  decrease  in  the  total  drainage  from  that  section,  and 
for  this  reason  a  tendency  to  develop  a  lower  stage  of  water  in  the 
ground,  and  through  this  a  drying  and  hardening  of  marsh  lands  such 
as  has  been  referred  to.  When  it  is  stated  that  experiments  con- 
ducted in  England  and  (xermany,  and  also  at  this  station,  all  agree 
in  showing  that  as  much  as  825  pounds  of  water  are  required  to  be 
withdrawn  from  the  soil  by  the  roots  of  plants  in  the  production  of 
each  pound  of  dry  matter,  it  is  evident  that  to  double  the  mean 
annual  production  of  dry  matter  in  a  country  must  have  an  appreci- 
able effect  upon  either  the  superficial  or  underground  drainage  from 
that  region,  and  if  upon  the  underground  drainage,  to  lower  the  height 
of  ground-water  there  and  through  this  to  lower  the  level  of  lakes, 
and  to  harden  the  marshy  lands. 

Short-period  changes  in  the  level  of  ground-water. 

As  has  already  been  pointed  out,  seasonal  and  annual  changes  in 
the  amount  of  water  which  falls  upon  the  surface  of  the  ground  and 
percolates  into  it,  have  a  tendency  to  develop  stages  of  high  and  low 
ground-water  in  regions  so  affected. 

Since  changes  in  temperature  yery  materially  influence  the  vis- 
cosity of  liquids,  and  since  variations  in  the  viscosity  affect  the  flow 
of  water  through  narrow  passages  like  capillary  tubes,  it  may  be  ex- 
pected, as  will  be  shown  in  another  place,  that  both  seasonal  changes 
in  soil  temperature  and  mean  annual  ones  also  exert  an  influence  in 
developing  fluctuations  in  the  level  of  ground-water  through  a  modi- 
fication of  the  rate  of  percolation  and  the  rate  of  underground 
drainage. 
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Oscillations  in  the  level  of  ground-water. 

Besides  the  changes  in  the  level  of  ground-water  already  pointed 
out,  its  general  surface  is  further  subject  to  extremely  numerous  oscil- 
lations of  small  extent,  some  of  which  are  almost  microscopic  in 
amplitude ;  indeed,  the  times  of  even  approximate  quiet  appear  to  be 
extremely  rare.  The  equilibrium  of  the  water  in  the  capillary  soil 
spaces  above  the  surface  of  the  ground-water  is  so  unstable  that  ap- 
parently the  slightest  cause  is  sufficient  to  upset  it,  causing  the  water 
to  flow  out  into  the  non-capillary  spaces,  but  only  to  be  returned 
again,  often  on  a  moment's  notice.  There  appears  to  be  a  zone  of 
soil  particles  of  undetermined  depth  into  and  out  of  which  there  is  a 
constant  ebb  and  flow  of  water.  The  observations  to  be  presented 
show  that  oscillations  of  atmospheric  pressure  of  almost  every  char- 
acter affect  this  underground  water-surface.  The  longer  period  baro- 
metric changes  associated  with  cyclones  depress  or  raise  the  water- 
surface,  as  the  case  may  be ;  the  shorter  period  changes,  which  accom- 
pany thunderstorms,  are  registered  there,  and  there  are  movements 
which  are  coincident  in  time  with  the  semi-diurnal  barometric 
changes.  The  diurnal  changes  in  soil-temperature,  under  favorable 
conditions,  produce  corresponding  rises  and  falls  of  the  water-surface; 
and  the  passage  of  a  train,  even  where  the  water  is  20  feet  below  the 
surface,  causes  the  non-capillary  spaces  to  fill  up  and  empty  them- 
selves again  as  the  moving  weight  approaches  and  recedes.  This 
ground-water  ocean-surface,  therefore,  like  that  of  the  open  sea,  knows 
never  one  moment  of  rest.  The  geologic  and  agricultural  significance 
of  these  movements  must  be  very  great,  for  here  is  a  water  washed 
zone  of  rock  and  soil,  having  the  combined  area  of  all  land  above 
ocean  level,  unless  we  must  except  those  of  the  polar  zones,  which  is 
alternately  flooded  with  water  and  then  exposed  to  air ;  and  this  zone 
rising  and  falling  through  greater  and  lesser  distances,  according  to 
the  secular  and  short  period  changes  in  the  level  of  the  ground-water, 
must  greatly  exaggerate  the  solvent  power  of  soil  water  over  what  it 
would  be  did  these  oscillations  not  exist. 

INFLUENCE  OF  BAROMETRIC  CHANGES  ON  THE  RATE  OF  FLOW  FROM  SPRINGS, 

ARTESIAN  WELLS,  AND  TILE  DRAINS. 

Three  of  the  self-recording  instruments  referred  to  were  placed,  one 
upon  a  spring  at  Whitewater,  Wis.,  one  upon  an  artesian  well  300  feet 
deep  situated  one-half  a  mile  distant  from  the  spring,  and  the  third  so 
as  to  register  any  change  which  might  occur  in  the  rate  of  flow  of  water 
from  a  tile  drain  on  the  Experiment  Station  Farm. 

The  method  of  enabling  the  instrument  to  record  changes. in  the 
rate  of  flow  of  water  is  illustrated  in  Pig.  17,  which  shows  how  it 
was  placed  in  the  spring  at  Whitewater.  The  spring  in  question  was 
encased  in  a  wooden  cylinder  3  feet  in  diameter  and  the  water  brought 
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by  it  diBcharged  through  a  l^inch  gas  pipe,  4  feet  long,  into  a  vat 
used  for  setting  milk  cans  in.  The  top  of  the  spring  curb  was  cov- 
ered and  the  instrument  placed  as  represented  in  the  figure.  In 
the  case  of  the  artesian  well  the  principle  was  the  same,  for  the  well 
discharged  from  the  side  of  the  6-inch  tube  through  a  |-inch  gas  pipe 
a  few  inches  long,  and  the  float  rested  directly  upon  the  surface  of  the 
water,  which  stood  at  all  times  above  the  level  of  the  discharge.  In 
the  case  of  the  tile  drain,  the  water  flowed  into  a  receptacle  which  had 
an  orifice  near  the  bottom,  whose  capacity  could  be  altered  so  as 
not  to  allow  the  receptacle  to  become  full  and  overflow  the  top.  In 
all  of  these  cases  any  change  in  the  rate  of  flow  of  wat«r  from  the 
ground  would  produce  a  change  in  the  head  of  water  discharging 
through  the  respective  pipes,  thus  causing  the  float  to  rise  or  fall  aa 
the  rate  of  flow  increased  or  decreased, 


Fi«.  17.  Melhod  nt  recording  ohangfB  In  the  rsle  of  How  of  •sltr  from  drains  ind  apringa. 

A  facsimile  of  the  synchronous  curves  obtained  from  the  spring  and 
from  the  well  during  two  and  one-half  days  is  shown  in  Pig.  18,  from 
which  it  will  be  seen  that  while  they  are  not  alike  in  the  minuter  oscil- 
lations, there  is  yet  a  remarkable  agreement  between  them. 
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There  was  no  barometer  record  kept  at  the  place  wheie  the  well  and 
spring  are,  but  the  barograph  records  at  the  Experiment  Station  are 
available  for  comparison  with  these  curves,  but  it  must  be  borne  in 
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mind  that  the  barograph  is  situated  45  miles  to  the  westward  of  the 
locality  under  consideration.  In  Fig,  19  the  records  of  the  barograph 
and  that  of  the  spring  for  May  4  to  16  are  placed  in  juxtaposition,  the 
minor  oscillations  of  the  spring  being  omitted.  It  requires  only  a 
glance  at  these  two  curves  to  see  that  they  are  remarkably  concordant, 
considering  that  they  are  separated  by  an  interval  of  46  miles  and  that 
the  curves  are  in  themselves  so  complex.  It  is  true  that  the  changes 
recorded  by  the  barograph  fall  a  little  earlier  than  the  corresponding 
ones  produced  by  the  spring,  but  as  the  barometric  changes  are  pro- 
gressive from  west  to  east  a  certain  interval  should  be  anticipated,  even 
were  there  no  lagging  due  to  other  causes. 

So,  t«o,  when  we  compare  the  barometric  curve  with  that  obtained 
from  the  tile  drain  referred  to,  as  shown  in  Fig.  20,  it  will  be  seen 
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tJi&t  there  is  here  also  a  close  agreement  between  most  of  the  marked 
oorves  which  the  barograph  ehowe  and  those  produced  from  the  fluc- 
tnatione  in  the  rate  of  diecharge  from  the  tile  drain.     The  rapid  in- 


Fi*.  19.  Fluctimtloni  in  the  hend  otn  spring nt  IVIiitcwiiter,  \Vi».,  from  Mny  4  lo  Wnj  i«,  und 

cieaee  in  the  rate  of  discharge  on  Sunday  is  due  to  percolation  result- 
ing from  the  rain  of  1.10  inch  falling  during  Saturday  night  and 
Sunday. 

The  smaller  short  period  fluctuations  shown  on  the  drain  curve  are 
a  portion  of  them  barometric,  but  hot  seen  to  be  so  because  the  ampli- 
tude of  the  barometer  curve  is  too  small  to  show  their  equivalents 
upon  it;  the  very  sharp  shortest  period  curves  are  many  of  them  due 
to  the  pumping  action  of  the  wind,  which  tended  to  suck  air  either 
out  of  or  into  the  drain  and  thus  modify  the  rate  of  discharge. 


In  the  caae  of  the  spring  under  consideration,  the  barometric 
changes  which  occurred  during  the  intervals  when  the  records  were 
kept  caused  the  head  to  range  from  leas  than  12  inches  to  more  than 
14  inches,  and  thia  would  give  a  theoretical  variation  in  the  rate  of 
discharge  amounting  to  8  per  cent.,  the  water  flowing  this  much  faster 
during  one  interval  of  low  barometer  when  compared  with  that  tak- 
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ing  place  during  an  immediately  preceding  high  barometer.  In  tbe 
caee  of  the  tile  drain,  with  the  water  discharging  from  the  gau^ 
under  a  head  of  .585  inch,  a  sudden  tiee  in  the  barometer  amounting 
to  .1  inch  decreased  the  head  in  the  gauge  almost  as  suddenly  .15 
inch,  and  considering  the  velocity  of  discharge  to  vary  as  the  square 
root  of  the  head,  the  water  was  discharging  under  the  high  pressure 
15  per  cent,  less  rapidly  than  previous  to  the  change  of  atmospheric 
pressure. 

The  water  supply  at  the  waterworks  for  the  city  of  Whitewater  is 
derived  from  an  artesian  well  979  feet  deep,  the  water  flowing  into  a 
reservoir  106  feet  in  diameter  in  which  there  is  an  overflow  pipe 
having  an  inside  diameter  at  the  top  of  9,75  inches.  The  pumps 
are  coupled  directly  to  the  well  in  such  a  manner  as  to  draw  upon 
the  reservoir  when  the  rate  of  flow  from  the  well  does  not  equal  tiiat 
of  pumping.  Through  the  kindness  of  the  proprietors,  Messrs.  C.  G. 
Gray  &  Co.,  I  was  permitted  to  place  one  of  my  instrumente  in  the 
reservoir  so  as  to  determine  whether  or  not  this  well  was  subject  to 
variations  in  the  rate  of  flow  analogous  to  those  observed  in  the 
spring  and  shallower  well  near  by  already  referred  to.  To  obtain 
the  rate  of  flow  of  water  from  the  well  the  float  of  the  recording 
instrument  was  placed  upon  the  water  in  a  cylinder  which  was  partly 
submerged  in  the  reservoir,  the  bottom  of  the  cylinder  being  perfor- 
ated with  several  small  holes  so  as  to  establish  communication  with 
the  water  in  the  reservoir  without  allowing  the  float  to  be  disturbed 
by  wave  action. 

During  the  pumping,  which  occurred  once  daily,  the  water  was 
lowered  in  the  reservoir  from  2  to  4  inches,  and  the  instrument  was 
so  adjusted  as  to  record  the  length  of  time  required  for  the  reservoir 
to  regain  ite  original  level  after  pumping,  and  to  show  any  change  of 
head  which  might  occur  while  the  reservoir  was  overflowing. 

One  of  the  eight-day  instruments  was  first  placed  in  the  reservoir, 
and  Fig.  31  shows  a  portion  of  the  record  obtained  with  it,  where  it  will 
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be  seen  that  not  only  did  the  time  required  for  the  reservoir  to  regaio 
ite  original  level  vary  but  also  that  this  level  did  not  remain  constant 
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when  once  attained.     It  should  be  obeerred  that  the  curve  ehowii^ 
the  rate  of  filling  covere  only  the  last  portion  for  each  day. 

In  order  to  be  able  to  measure  the  time  of  filling  more  exactly  one 
of  the  one-day  instruments  was  substituted  for  the  one  first  used,  and 
a  record  obtained  during  10  consecutive  days,  with  results  as  given 
below: 

TabU  thomng  variaUoiu  in  the  rate  offiow  of  tracer  front  the  arttaian  imU  at  the  etty 
waUnoorki,  WhUaeater,   Wu.,  fi-om  May  81  to  Junt  S,  1892. 

Cn.  ft. 
permln, 
lb;  81,  welt  discharged  IIOS.OO  cubic  feet  in  77.62  miniiteB,  =  14.176 
Jane  I,  well  discharged  1108.09  cubic  feet  in  71.41  nunates,  =:  15.441 
June  2,  well  diaclurged  1108.09  cubic  feet  in  7&.27  minulM,  =  14.66S 
June  8,  w«ll  dischuged  1103.09  cubic  feet  in 
Jane  4,  well  dischu^d  IIOS.OO  cubic  feet  in 
June  6,  well  discharged  110S.09  cubic  feet  in 
Jnne  S,  well  discharged  1108.09  cnbic  feet  ir 
June  7,  well  discharged  1108.09  cubic  feet  in 
June  8.  well  discharged  1108.09  cubic  feet  in  78.99  a 
Jane   9,  well  discharged  1108.09  cubic  feet  in  72.71  minntea,  =  15.171 

On  June  1,  7,  and  8,  at  the  time  of  sudden  showers,  the  watei-level 
in  the  reservoir  changed  so  as  to  carry  the  float  up  through  .1,  .6,  and 
.4  inch  respectively,  and  this  when  the  water  had  been  overflowing 
ftt  its  normal  height  during  several  hours.  The  shower  when  the 
water  rose  more  than  .5  inch  was  a  very  heavy  one,  but  all  of  them 
were  of  short  duration.  As  the  overflow  was  within  three  feet  of  (Jie 
place  occopied  by  the  inatrument  it  does  not  appear  probable  that 
any  wind  action,  by  forcing  the  water  to  that  aide,  could  have  pro- 
duced the  change  of  level  observed,  and  that  this  could  have  been  the 
muse  is  rendered  still  more  improbable  by  the  fact  that  the  water 
rose  and  fell  so  as  to  give  a  steady  curve,  as  shown  in  Fig.  22.     Neither 
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does  it  appear  possible  that  any  shower  could  have  increased  the 
fcsad  to  the  extent  observed,  by  direct  precipitation  into  the  reservoir, 
for  the  overflow  pipe  was  never  carrying  water  at  nearly  one-half  of 
its  foil  capacity.  If  no  such  explanation  as  has  been  su^ested  is 
■dmissible,  the  conclusion  must  be  that  these  deep  wells  are  subject 
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to  sudden  increases  in  flow  such  as  have  been  shown  to  be  true  of  the 
spring,  the  drain,  and  the  shallow  artesian  well  referred  to. 

It  should  be  observed  here  also  that  the  changes  in  the  rate  of  flow 
recorded  by  the  eight-day  instrument  are  coincident  in  time,  and  alec 
in  character,  with  the  changes  which  took  place  in  the  spring  and  other 
well  in  the  same  vicinity,  and  it  would  appear,  therefore,  that 
barometric  changes  exert  a  far  reaching  influence  upon  the  under- 
ground drainage  coming  from  any  and  all  depths  below  the  surface. 
The  magnitude  of  this  influence  is  so  great  also  that  the  aggregate 
increase  or  decrease  in  the  flow  of  water  from  large  subterranean 
drainage  areas,  as  low  and  high  pressure  waves  travel  over  them, 
must  be  absolutely  very  great  and,  it  would  seem,  capable  of  registra- 
tion by  suitable  instruments  on  very  many,  if  not  upon  all,  rivers,  and 
possibly  all  lakes  as  well. 

BAROMETRIC   OSCILLATIONS   IN   THE   LEVEL   OF  WATER  IN   WELLS. 

The  evidence  is  overwhelming  that  barometric  changes  exert  a  very 
marked  and  nearly  if  not  quite  immediate  influence  upon  the  level  of 
water  in  a  well.  That  sudden  and  large  changes  in  the  barometer  are 
closely  associated  with  marked  changes  in  the  level  of  water  in  wells 
is  strongly  suggested  by  the  facsimile  curves  shown  in  Fig.  15,  already 
referred  to  on  page  40,  but  here  the  amplitude  of  the  barometer  is  too 
small  to  make  a  satisfactory  comparison  between  them  in  any  except 
the  general  features. 

In  order  that  a  closer  comparison  might  be  made  in  this  particular, 
the  two  one-day  instruments  were  placed  one  upon  well  48  and  the 
other  upon  the  air  barometer  represented  in 
Fig.  23,  which  wa^  constructed  for  this  pur- 
pose and  to  ascertain  w^hether  or  not  some  of 
the  short  period  fluctuations  shown  both  by 
the  wells  and  by  the  spring  and  drain  might 
not  be  due  to  a  pumping  action  of  the  wind. 

This  instrument,  apart  from  the  recording 
portion  which  has  been  described,  consists  of 
a  galvanized  iron  cylinder,  4  inches  in  diam- 
eter and  8  feet  long,  to  the  lower  end  of  which 
is  attached  a  cylinder  of  the  same  material  18 
inches  in  diameter  and  8  inches  deep;  this 
larger  cylinder  confines  a  quantity  of  air 
which,  by  its  changes  in  volume,  alters  the 
level  of  the  water  shown  and  thus  causes  the 
float  to  rise  and  fall  with  each  change  of 
atmospheric  pressure.  The  air  receptacle  is 
placed  six  feet  below  the  surface  of  the  ground  and  the  earth  filled  in 
over  it  so  as  to  avoid  marked  temperature  fluctuations.    The  instru- 
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ment  thus  conBtructed  proved  to  be  quite  eatiefactory  for  the  purpose 
designed,  and  hae  an  amplitude  five  to  six  timee  that  of  the  mercurial 
barometer. 

How  closely  in  accord  the  fluctuations  recorded  by  this  instrument 


Kio.  14.  Sjncbroniim  of  terotneler  uid  well  olumgeB  a*  recorded  b;/  one-ilBjr  inBlramenti. 

and  by  the  one  placed  upon  the  well  are  will  be  seen  from  Fig.  24, 
which  shows  the  curves  produced  during  the  10  hours  closing  7.50  a. 


In  Helli. 

m.  May  30,  1892,    It  will  be  seen  that  there  are  on  the  well  curve  two 
ahort  interval  changes,  one  upward  near  the  left  end  and  the  other 
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downward  to  the  right  of  the  center,  which  have  no  analogous  ones  in 
that  of  the  air-barometer,  otherwise  there  is  an  extraordinary  agree- 
ment in  all  features  except  amplitude. 

At  times  these  barometric  fluctuations  are  both  of  extreme  ampli- 
tude and  of  great  frequency  also;  this  is  clearly  shown  in  Fig.  25, 
where  the  amplitude  was  so  large  as  to  require  the  pen  to  be  set  over 
four  times  between  2  p.  m.  Monday  and  6  a.  m.  Thursday,  and   at 
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intervals  during  this  period  the  changes  were  so  rapid  as  to  force  the 
lines  close  together.  The  general  frequency  of  these  changes  are  bet- 
ter shown  in  Fig.  26,  which  is  a  tracing  of  the  curve  produced  during 
24  hours  ending  April  30,  1892,  by  well  48. 

The  synchronism  of  movement  which  the  ground  water  in  different 
welle  in  the  same  locality  exhibits  is  shown  In  Plates  II  to  V,  where 
the  curves  are  reproduced  so  as  to  show  the  actual  changes  of  level 
as  they  occurred  from  day  to  day. 

It  should  be  borne  in  mind  in  studying  these  plates  that  the  direc- 
tion of  the  movement  of  the  water  surface  in  the  well  was  opposite 
to  that  shown  by  the  curve,  a  descent  of  the  curve  across  the  page 
meaning  a  rise  of  water  in  the  well  and  vice  versa,  and  this  is  true  for 
all  of  the  curves  obtained  with  the  instnmients  used.  Since  a  rise  of 
the  barometer  is  associated  with  a  tendency  of  the  water  to  fall  in 
the  well  and  a  fall  of  the  barometer  with  a  tendency  to  rise,  the 
method  of  mounting  the  pen  causes  that  of  the  barograph  and  that 
of  these  recording  instruments  to  move  in  the  same  direction  at  the 
same  time. 

It  will  be  seen  from  a  study  of  these  plates  that  nearly  all  of  the 
marked  sudden  barometric  changes  are  shown,  in  a  greater  or  less 
degree,  on  nearly  all  of  the  wells.  The  long  period  barometric  oscil- 
lations are  usually  recorded  by  the  wells,  but  these  are  much  more 
obscured  by  the  percolation  of  rain  into  the  ground  and  by  the  gen- 
eral lowering  of  the  ground-water  surface  by  subterranean  drainage. 
That  this  should  be  so  is  plain,  because  it  very  often  happens  that,  at 
a  given  well,  th6  downward  descent  of  the  water-level,  due  to  drain- 
age, is  exactly  compensated  for  by  the  rise  due  to  a  fall  in  the  barom- 
eter, and  in  such  a  case  the  tracing  for  that  period  will  be  horizontal, 
while  in  that  of  another  well  in  which  the  water  chances  to  be  rising 
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at  the  same  time  in  consequence  of  percolation,  the  barometric  effect 
will  be  added  to  that  of  percolation,  so  that  while  the  first  well  shows 
no  curve  corresponding  to  that  of  the  barometer  the  one  for  the 
second  shows  it  in  an  exaggerated  form.  The  evidence  of  the  influ- 
ence of  long  period  barometric  oscillations  must  therefore  be  sought, 
generally,  in  a  variation  in  the  mean  rate  of  change  in  the  fall  or  rise 
of  the  ground-water  surface. 

It  appears  to  be  a  general  rule  that  the  long  period  barometric 
oscillations,  and  perhaps  all  barometric  changes  as  well,  exert  a 
greater  influence  upon  the  water  of  the  deeper  than  upon  the  shal- 
lower wells,  ^nd  this,  too,  should  be  expected  from  what  has  been 
said,  because  the  deeper  wells  are  less  affected  by  local  percolation 
into  them  and  the  reverse  action  which  is  a  consequence  of  it. 

SEMI-DIURNAL   OSCILLATIONS   IN   THE   LEVEL   OF   WATER   IN   WELLS. 

It  has  already  been  pointed  out  that  the  water  of  wells  exhibits  a 
tendency  toward  diurnal  oscillations,  the  water,  as  a  rule,  standing 
higher  in  the  morning  or  else  not  having  fallen  as  rapidly  during  the 
night.  The  continuous  records  obtained  from  the  wells,  from  the 
spring,  and  from  the  drains  show  very  clearly,  at  times,  that  the  level 
of  water  in  the  non-capillary  spaces  in  soil  is  subject  to  regular  semi- 
diurnal oscillations,  as  a  careful  inspection  of  the  various  plates  will 
prove. 

To  render  these  semi-diurnal  changes  more  apparent,  I  have  selected 
a  week  when  there  were  no  large  barometric  changes  and  have  taken 
a  well  in  which  the  water  surface  was  nearly  stationary  so  far  as 
drainage  and  percolation  are  concerned.  The  week  selected  was  that 
ending  July  11,  1892,  and  the  well  was  No.  33.  Side  by  side  with 
this  the  curve  produced  by  the  air-barometer  has  been  placed,  and 
with  it  also  that  of  the  Richard  barograph  of  the  same  date.  The 
curve  of  the  Richard  barograph  is  magnified  about  six  times  and  was 
constructed  as  follows :  The  record  sheet  was  passed  through  the  field 
of  a  compound  microscope,  provided  with  an  eye-piece  micrometer, 
and  magnifying  43  diameters.  The  changes  in  the  position  of  the 
barometric  curve  on  the  record  sheet  were  measured  at  the  crossing 
of  each  of  the  two-hour  lines  by  bringing  one  end  of  the  micrometer 
scale  always  to  the  lower  side  of  a  distance  line  and  reading  the  dis- 
tance to  the  under  side  of  the  barometer  curve  in  divisions  of  the 
micrometer  scale,  and  as  fifty  divisions  of  the  micrometer  just 
spanned  the  distance  lines  it  was  possible  to  read  the  changes  very 
closely  and  to  plot  them  on  a  large  scale  very  accurately.  The  two 
barometric  curves  and  that  of  the  well  are  shown  on  the  upper  por- 
tion of  Plate  VI,  where  the  coincident  semi-diurnal  changes  are  very 
evident  on  nearly  every  day  of  the  week.  It  will  be  seen  that  there 
is  a  minor  minimum  falling  from  9  to  11  p.  m.,  and  a  major  one 
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falling  from  7  to  10  a.  m.  On  the  same  plate  there  have  been  plotted 
the  curves  of  the  same  well  for  the  two  following  weeks,  and  also 
that  of  the  air-barometer  for  the  last  week,  and  it  will  be  seen,  when 
these  are  all  compared,  that,  while  the  more  numerous  short  period 
barometric  fluctuations  tend  to  obscure  the  semi-diurnal  ones,  these 
are  evidently  there  and  in  the  same  relative  position  with  respect  to 
time. 

The  3(X)-foot  artesian  well  at  Whitewater  and  the  spring  also  show 
these  same  semi-diurnal  fluctuations,  but  the  long  barometric  oscil- 
lations were  so  great  during  the  weeks  when  the  records  were  kept 
that  the  semi-diurnal  oscillations  are  much  obscured  by  them,  and 
there  they  appear  to  fall  at  about  the  same  times  of  the  day  also  as 
they  do  with  the  shallower  wells  at  Madison. 

I  find  in  the  Report  of  the  Transactions  of  the  British  Association 
for  1883,  p.  405,  the  following,  under  the  subject — "  On  the  Attractive 
Influence  of  the  Sun  and  Moon  Causing  Tides,  and  the  Variations  in 
Atmospheric  Pressure  and  Rainfall  Causing  Oscillations  in  the 
Underground-Water  in  Porous  Strata."    By  Isaac  Roberts,  F.  G.  S. : 

The  investigations  have  been  made  at  Maghuli,  which  is  an  agricultural  district  about 
8  miles  to  the  northeast  of  Liverpool,  and  relate  to  movements  in  the  underground 
water  of  the  Triassic  rocks,  which  lie  beneath  the  surface  of  the  ground.  The  water  in 
these  rocks  is  by  capillarity  made  to  form  an  inclined  plane  toward  the  sea,  which,  at 
the  point  referred  to,  has  its  surface  (50  feet  above  mean  sea  level.  The  water  plane  was 
shown  to  be  in  a  state  exceedingly  sensitive  to  the  following  influences,  namely,  atmos- 
pheric pressure,  lunar  attraction,  and  solar  attraction. 

In  order  to  determine  the  relative  extent  of  these  and  other  disturbing  influences  upon 
the  water  plane,  an  artesian  well  was  sunk  in  the  Triassic  rocks  to  a  point  below  mean 
sea  level  and  the  rise  and  fall  of  a  column  of  water  60  feet  in  height,  freed  from  the 
friction  in  the  rocks,  was  used  as  the  means  of  registering  these  disturbances  in  the 
water  plane,  by  using  a  mechanical  combination  of  a  float  and  drum,  caused  to  revolve 
by  clockwork,  to  trace  a  curve  upon  the  diagram  paper. 

The  curve  showed  the  extent,  from  moment  to  moment,  of  the  atmospheric  variations, 
and  also  the  effects  of  the  attraction  of  the  sun  and  moon  upon  the  water  plane  in  pro- 
ducing oscillations  in  the  first  case  and  true  semi-diurnal  lunar  and  solar  tides  in  the 
latter  case.     The  effects  of  rainfall  were  also  shown  on  the  diagram. 

It  was  also  shown  that  there  were  periods  when  all  of  the  forces  which  have  been 
named  were  in  equilibrium,  the  water  plane  remaining  in  a  state  of  perfect  quiescence 
during  those  periods. 

The  statement  to  which  attention  is  here  called  especially,  is  the 
one  ascribing  certain  fluctuations  in  the  level  of  the  water  in  this 
well  to  both  solar  and  lunar  tidal  disturbances.  I  have  not,  as  yet, 
been  able  to  learn  whether  the  paper  to  which  the  above  report  refers 
has  been  published  or  not,  and  do  not,  therefore,  know  the  character 
of  the  evidence  upon  which  these  statements  are  founded.  There  is 
certainly  no  unequivocal  evidence  presented  by  any  of  the  curves 
obtained  in  the  investigation  here  which  would  lend  support  to  the 
view  that  a  lunar  tidal  effect  has  been  exerted  large  enough  to  be 
recorded  by  the  instruments  used.    The  apparently  entire  absence  of 
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any  progressive  change  in  the  time  of  day  at  which  the  maxima  and 
minima  occur  is  the  strongest  evidence  which  can  be  presented 
against  the  view  that  a  lunar  influence  is  here  recorded.  There  is,  of 
course,  nothing  in  the  time  relation  which  would  disprove  a  solar 
tide ;  but  if  a  solar  tide  is  admitted  to  be  recorded,  there  then  appears 
no  reason  why,  at  times  at  least,  a  larger  one  should  not  also  be  re- 
corded, having  the  proper  time  relations  for  the  moon.  Some  of  the 
wells  at  Madison,  included  in  this  study,  are  deeper  than  the  one 
used  by  Mr.  Roberts  and  extend  below  the  level  of  Lake  Mendota  in 
the  Potsdam  sandstone.  The  still  deeper  wells  at  Whitewater  also 
find  their  water  in  a  porous  sandstone,  so  that  the  only  condition  ap- 
parent, which  is  fundamentally  different  in  the  well  of  England,  is 
the  close  proximity  of  an  oceanic  body  of  water  which  is,  itself,  sub- 
ject to  tidal  fluctuations.  This  being  true,  one  is  led  to  suspect  that 
in  case  the  wells  in  question  do  exhibit  both  solar  and  lunar  tidal 
oscillations  they,  in  some  manner,  may  be  a  reflex  of  the  oceanic 
tides. 

We  are  told,  however,  that  the  well  in  question  is  some  8  miles  dis- 
tant from  the  sea  and  that  the  water  "t«  by  capillarity  (the  italics  are 
the  writer's)  made  to  form  an  inclined  plane  toward  the  sea,  which  at 
the  point  referred  to  has  its  surface  60  feet  above  mean  sea  level." 
Now,  were  it  true  that  the  water  is  sustained  in  the  well  by  capillarity 
to  a  height  of  60  feet  in  the  soil,  which  the  writer  knows  of  no  suflS- 
cient  evidence  to  prove,  it  is  then  required  that  a  rise  and  fall  of  the 
ocean  level  permits  capillarity  to  increase  the  height  of  the  soil  water 
when  the  length  of  the  water  column  is  diminished  by  the  rise  of  the 
tide  on  the  coast,  but  this  implies  that  a  force  which  is  able  to  carry 
the  water  to  a  greater  height  in  the  soil  is  unable  to  retain  it  there 
after  it  has  done  so,  for  otherwise  the  level  of  the  water  in  the  well 
would  not  be  affected. 

If  the  oceanic  tidal  wave  is  transmitted  to  the  well  it  would  seem 
that  it  must  be  the  result  either  of  a  direct  shock  or,  what  is  much 
more  likely,  through  a  deformation  of  the  rock  strata  by  the  loading 
and  unloading  of  the  coast. 

It  had  occurred  to  the  writer  before  reading  the  notice  of  Mr.  Roberts' 
results,  that  in  case  the  superficial  strata  of  the  earth  are  subject  to 
any  deformation  by  tidal  stress,  the  unequal  strength  of  the  confining 
beds  of  an  artesian  basin,  or  the  change  of  volume  due  to  warping  such 
beds,  if  of  equal  strength,  must  necessarily  be  made  evident  by  a  change 
of  level  in  any  column  of  water  sustained  by  the  hydrostatic  pressure 
of  such  a  basin. 

The  calculated  magnitude  of  these  disturbances  and  of  the  baro- 
metric and  tidal  loading  and  unloading  of  continents  and  their  margins 
given  by  G.  H.  Darwin,  had  led  me  to  anticipate,  for  the  tidal  effect,  a 
very  pronounced  oscillation- of  the  water-level  or  pressure  in  the  deeper 
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aitosian  wells  having  extended  b&aina.  If  auch  oBcillatiooHdoexistin 
any  of  the  wella  upon  which  the  obiiervationa  here  detailed  have  been 
made,  they  are  so  masked  by  the  semi-diurnal  oscillatioos  juat  de- 


scribed, evidently  not  due  to  this  cause,  as  to  require  a  more  critical 
registration  and  analysis  of  them  than  has  been  posaible  in  this  brief 
study. 
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The  twice-daily  observationB  recorded  on  Plate  I  and  referred  to  on 
page  31  show  very  clearly  that  in  certain  wells  and  at  certain  times 
there  is  a  marked  diurnal  change  of  level  in  the  ground-water  surface. 
In  Fig.  27  is  given  a  eection  of  Plate  I,  natural  scale,  ahowing  the  di- 
urnal changes  in  the  level  of  water  in  well  5  during  the  days  from  July 
18toAugu8t6,1889.    From 
this  it  will  be  seen  that  the 
water  rose  during  the  night 
and  fell  during  the  day  to 
the  extent  of  a  full  inch  or 
more.     The   curve  plotted 
below  the  one  of  larger  am- 
plitude shows  the  changes 
of  level  which  occurred  in 
the  center  of  the  same  well 
and  during  the  same  time, 
the  two  seta  of  observations 
being  simultaneous.     The 
circumstances  are  these : 

The  ground- water  level 
had  fallen  until  well  6,  now 
in  question,  was  likely  to 
become  dry.  In  order  not 
to  lose  the  records  it  was 
deepened  by  boring  a  hole 
in  the  center  and  curbing 
it  with  sections  of  5-inch 
drain  tile   in  the  manner  ,  ,  .     ,  ,  .      ,. 

.       .  TT  nn   ^"•'  "*■  ConalrDClionofwoli  5,  and  the  ih»Taolerof  Ihe  lotl 

represented       in       Fig.      28,  through  which  llpenelralae. 

which  shows  the  two  water  surfaces,  whose  ductuatJoDB  are  recorded 
in  the  last  figure.  The  original  well,  having  an  inside  diameter  of 
one  foot  and  a  depth  of  5,5  feet,  was  bricked  up  to  within  2  feet  of 
the  surface  and  then  finished  with  a  section  of  sewer  pipe,  as  shown 
in  the  cut,  where  the  character  and  arrangement  of  the  soil  through 
which  the  well  penetrated  may  also  be  seen. 

The  facts  are,  strange  as  it  does  appear,  that  under  these  conditions 
and  in  such  close  juxtaposition  oscillationa  so  unlike  in  their  char- 
acter as  the  two  under  consideration  were  produced  simultaneously. 
The  level  of  the  water  in  the  outer  well  oscillated  so  as  to  stand  in 
the  morning  from  .1  to  .3  inch  above  the  level  of  the  water  in  the 
inner  one  and  at  night  from  .6  to  1.2  inch  below  that  surface,  and 
these  differences  were  maintained  with  only  the  unglazed  section  of 
drain  tile  separating  them.     During  the  day,  then,  presumably,  water 
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was  flowing  from  the  inner  well  over  into  the  outer  and  larger  one, 
while  the  fact  that  the  water  in  the  outer  well  rose  to  a  height  ex- 
ceeding that  in  the  inner  one  shows  that  some  of  that  water  at  least 
must  have  come  into  the  well  from  a  level  above  the  bottom  of  the 
outer  well.  As  shown  in  Plate  I,  the  large  oscillations  in  this  well 
became  very  pronounced  and  constant  only  a  short  time  before  it 
became  dry,  and  the  inner  well  did  not  take  up  the  marked  changes 
in  level  after  the  water  fell  below  the  bottom  of  the  original  well. 
No  other  well  of  this  series,  altho.ugh  constructed  in  the  same  mao- 
□er,  showed  such  marked  oscillations  as  this  one.  Referring  again  to 
Plate  I,  it  will  be  seen  that  several  other  wells  did  show  them,  but  that 
there  is  something  apparently  very  capricious  about  the  starting  and 
stopping  of  these  oscillations.  Wells  45, 43,  41,  and  40  took  on  these 
strong  oscillations  just  after  they  had  been  deepened,  while  well  44 
did  so  without  being  deepened  at  all.  Wells  40  and  43  oscillated  in 
this  marked  manner  only  a  few  days,  while  well  41  did  so  from  Au- 
gust 3  until  after  the  middle  of  September.  From  the  3d  of  Septem- 
ber until  after  the  15th  all  of  the  wells  showed  a  tendency  toward  an 
increased  diurnal  fluctuation.  When  these  fluctuations  were  first 
observed  in  the  fall  of  1888,  as  already  referred  to — the  one  in  the 
com  exhibiting  the  greatest  oscillations,  while  the  one  in  the  stubble 
showed  least,  as  represented  in  Fig,  1 — it  was  then  thought  thdt  these 
differences  in  the  magnitude  of  the  oscillations  might  be  due  to  dif- 
ferences in  the  daily  amounts  of  water  withdrawn  from  the  soil  by 
vegetation.  The  observations  of  the  following  season  showed  that 
this  could  not  be  the  chief  cause  of  the  difference,  for  then  well  5 
was  on  a  blue-grass  sward  with  the  grass  cut  short  at  the  time  the 
oscillations  were  most  marked,  while  well  41,  penetrating  fallow 
ground,  oscillated  much  more  than  did  the  wells  on  either  side  hav- 
ing corn  growing  about  them.  Another  peculiar  feature  about  these 
oscillations  is  the  fact  that  during  the  years  from  1888  up  to  the 
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present  time  no  such  marked  changes  in  level  of  the  water  were  re- 
vealed by  twice-daily  observations  taken  in  the  morning  and  evening 
until  past  or  near  the  middle  of  July,  from  which  time  there  is  an 
advance  toward  a  maximum,  occurring  some  time  in  August  and  then 
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a  dying  away  again  until  along  toward  the  middle  of  October,  when 
they  again  became  inconspicuous. 

In   the   fall   of    1891   the    improvised    self-recording  inBtrument 
referred  to  was  placed  upon  well  5,  September  1,  just  as  the  oscilla- 
tions in  question  were  beginning  to  die  away,  and  Fig.  29  shows 
these  changes  from  September  1  to  3  and  again  on  September  12  to 
14,  when   their  amplitude  had  be- 
come almost  inappreciable.    In  Pig. 
30  are  also  plotted  the  curves  for 
Tells  42  and  44  and  the  drain  from  ' 
July  25  to  28, 1892,  when  these  oscil- 
lations are  beginning  to  become  pro- 
nounced.    It  will  be  seen  by  refer- 
ring to  Plate  V  that  these  diurnal 
OBcillationa   were   beginning  to   be 
evident  in  the  previous  week. 

In  the  spring  of  the  present  year 
a  galvanized  iron  cylinder  6   feet 
deep  and  30  inches  in  diameter,  pro- 
vided with  a  bottom  and  water  tight,   Fio.  w.  Diurnal  mclUBllons  of  water  in  wells 
was  filled  with  soil,  standing  its  full       Umpemlore. 

height  above  the  ground  in  the  open  field.     In  the  center  of  this  cyl- 
inder and  extending  to  the  bottom,  a  column  of  5-inch  drain  tile  was 
placed  and  the  soil  filled  in  about  it  and  packed  as  thoroughly  as 
practicable.    Water  was  poured  into  the  cavity  formed  by  the  tile 
until  it  was  full,  and  allowed  to  per- 
colate into  the  soil  so  as  to  saturate 
it   and    leave    the    water    standing 
nearly   a   foot   deep    in    the   well. 
When  the  water   in   this  artificial 
well  had  become  nearly  stationary 
one  of   the  self-registering  inetru- 
menta  was  placed  upon  it,  the  object 
being    thes    to    ascertain   whether 
"  water  thus  circumscribed  in  a  well 
would   exhibit  fluctuations   at  all 
analagous  to  those  observed  in  ordi- 
nary  wells,  and   the   apparatus   as 
used   is  shown    in    the   engraving, 
''  Fig.   31.      In   order   to   avoid   any 
'^;^r~aSrp."t«;J.7^""^"Si»'  complications   due   to   percolation, 
MioKiiiaiionsorwateriDHeiii.  ^^  apparatus  was  provided  with  a 

cover  which  could  be  put  on  in  times  of  rain  and  removed  again  dur- 
ing fair  weather.  The  first  records  showed  a  small  diurnal  oscilla- 
tion, and  as  the  season  advanced  these  increased  in  amplitude  until 
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finally  the  water  rose  in  the  well  during  the  day  of  July  8  1.8  inch 
and  fell  during  the  following  night  1.84  inch. 

After  these  diurnal  oscillations  had  become  so  pronounced  and  so 
constant  a  series  of  thermometers  were  introduced  into  the  side  of 
the  cylinder,  extending  to  different  distances  from  the  surface,  and  a 
record  kept  of  the  changes  in  the  soil  temperature ;  and  the  result  of 
these  observations  was  to  show  that  the  turning  points  in  the  water 

curve  fell  exactly  upon  the 
turning  points  of  the  temper- 
ature of  the  soil  in  the  cylin- 
der. When  this  fact  was  as- 
certained, to  show  whether 
the  correspondence  in  the 
time  of  the  two  curves  was 
due  to  a  diurnal  cause,  other 
than  temperature,  which  had 
its  turning  points  so  related 
to  those  of  the  temperature  as 
to  cause  the  two  to  acciden- 
tally fall  together,  cold  water 
was  brought  from  the  well 
and,  with  a  spray  puinp,  ap- 
plied to  the  surface  of  the  cyl- 
inder all  around.  The  water 
was  applied  on  a  hot,  sunny 
day  just  after  dinner,  when 
the  water  was  rising  in  the 
well,  and  the  result  was  an 
immediate    change    in     the 

no. 33.  unanges  in  tne  leyei  oi  water  in  tne  wen  m  tne  j        i        •        • 

cylinder  produced  by  pumping  cold  water  on  the     CUrve,  the  Water  beginning  tO 
sides  of  tne  cylinder:  a  and  e  show  times  of  applying     *   ,,   .         ,  ,,  i  , 

the  water,  b  and  d  snow  when  the  water  was  with-     fall  in   the  well  and  'turn  the 
drawn,  and  e  shows  curve  produced  by  sudden  thun- 

der  shower.  pen  up.    The  Water  was  then 

turned  off,  and  the  result  of  this  change  was  to  stop  the  fall  of  the 
water  in  the  well,  as  shown  by  a  change  in  the  direction  of  the  curve 
downward  again.  After  the  lapse  of  about  another  hour  the  water 
was  again  turned  on,  with  the  result  first  obtained,  and  again  when 
the  water  was  withdrawn  the  curve  was  once  more  reversed ;  a  tracing 
of  the  curve  obtained  during  these  trials  is  represented  in  Fig.  32. 

These  experiments  showed  that  there  was  a  positive  connection  be- 
tween changes  in  the  soil  temperature  and  changes  in  the  movement 
of  water  in  the  soil.  Since  the  water  left  the  well  and  entered  the 
soil  with  a  lowering  of  the  temperature,  it  follows  that  the  observed 
changes  could  not  be  the  result  of  a  change  in  the  volume  of  the 
cylinder  due  to  shrinkage  and  expansion,  for  the  movements  of  the 
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water  were  in  the  opposite  direction  from  what  a  change  in  volume 
would  have  produced. 

The  quantitative  relation  existing  between* the  movement  of  the 
water  in  the  soil  and  the  change  in  temperature  is  expressed  below. 


Mean  temperatore  of    Amount  of  change  in  :  Amount  of  ohange  in 


soil. 


Date. 


Jolj?.. 
July  7-« 
Julys.. 
Jul7S<9 


A.  M. 


19.4 
26.3 
19.4 

23- 5 


P.M. 


temperature. 


water. 


A.  M.  to 
P.M. 


a6.3  I 

19.4  '. 

as- 5  ! 

ao.7  '. 


o  C. 
+  6.9 


+  4.1 


P.  M.  to       A.  M.  to 

A.  M.  P.  M. 


OC. 
—  6.9 


Inches, 
+  2 


—  a.8 


+  X.8 


P.  M.  to 


5- 175*^  C. 


Inches. 

—  2 

—  1.84 
X.9X  in. 


Here  we  have  a  mean  chauge  in  water-level  amounting  to  .369  inch 
for  each  degree  C. 
Taking  the  period  from  June  6  to  9  we  have — ^as  below — 


,  Mean  temperature  of  .  Amount  of  change  in  '•  Amount  of  change  in 
soil.  temperature.         i  water. 


Date. 


A.  M. 


P.M. 


A.  M.  to 
P.M. 


Jnne6... 
Jane  6-7. 
June  7... 
June  7-8. 
Junes... 
June  8-9. 


OC. 

«7-3 
22.7 

18.3 

ao.5 

17-4 
20.5 


Mean 


OC. 
22.7  I 
18.3 
20.5  I 
17.4  ' 
ao.5  I 
17-3 


OC. 

+  5-4 


P.  M.  to 

A.  tUt 


4>  a.2 


OC. 

—  4-4 

—  Z'l 

—  3-2 


A.  M.  to 
P.M. 

P.M.  to 

A.    aim 

Inchet. 

4~  1.22 

Irtehee, 

-  1.17 

+    -72 

-    .87 

+  .87 

—  I.I 

3-57*  C. 


.ggin. 


In  this  case  we  have  a  mean  change  in  the  water-level  of  .276  inch 
for  each  degree  C.  The  cavity  into  which  the  water  percolated  and 
from  which  it  was  again  withdrawn  with  each  change  of  temperature 
had  a  diameter  of  6  inches,  so  that  the  amount  of  water  which  left 
the  soil  and  entered  the  well  was  about  6  cubic  inches  for  each  de- 
gree C.  I  suppose  it  was  also  true  that  the  non-capillary  spaces  in 
the  soil  above  the  water  level  in  the  well  were  also  filled  to  a  certain 
depth  and  emptied  again,  so  that  the  total  movement  of  water  in  the 
circle  of  soil  30  inches  in  diameter  was  something  more  than  the  6 
cubic  inches  stated  above. 

In  another  cylinder,  10  feet  long  and  1  foot  in  diameter,  standing 
in  a  large  silt  well  6  feet  deep  and  4  feet  in  diameter,  the  water  rose 
and  fell  daily  between  July  15  and  18  an  average  of  3.33  inches  as 
measured  by  the  change  of  level  of  water  in  a  glass  tube  communi- 
cating with  the  bottom  of  the  cylinder.  And,  in  this  case,  I  suppose 
the  surface  of  the  ground-water  in  the  cylinder  rose  and  fell  each  day 
through  the  mean  distance  stated.    How  great  the  diurnal  change 
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of  the  soil -tempera  til  re  may  have  been  in  the  cylinder  is  not  known, 
but  as  the  cylinder  stood  below  the  level  of  the  ground  surface  in 
a  cavity  into  which  water  from  the  drains  was  discharging,  I  suppose 
that  the  diurnal  range  in  the  cylinder  could  not  have  exceeded  2°  or 
3°  C.  below  the  surface  of  the  ground. 


eg  ponding  Hi 


In  Fig.  33  the  changes  in  the  level  of  the  water  in  the  well  in  the 
cylinder  are  plotted  for  two  weeks,  and  side  by  side  with  these  is 
plotted  the  tri-daily  air  temperature  as  observed  at  Washburn  Observa- 
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tory.  Here  it  will  be  seen  that  there  is  apparently  no  evidence  of 
barometric  fluctuationa,  but  a  close  agreement  with  the  temperature 
curve. 

There  ie,  therefore,  in  my  judgment,  no  ground  for  reasonable 
doubt  but  that  these  diurnal  oscillations  of  the  water  level  in  the 
two  cylinders  were  due  to  an  oscillation  in  the  intensity  of  the  capil- 
lary power  manifested  in  the  soil  contained. 

To  ascertain  whether  temperature  changes  in  the  soil  of  the  field 
produce  a  manifest  movement  of  the  soil  wat«r,  it  is  required  to  show,  in 
the  first  place,  diurnal  oscillations  which  are  evidently  not  barometric, 
and  second,  that  the  turning  points  of  these  curves  are  ou  the  turning 
points  of  the  soil  temperature  in  the  zone  in  which  the  movement  of 
the  water  takes  place.  That  there  are  diurnal  oscillations  evidently 
not  related  to  any  of  the  observed  barometric  changes  of  presaure,  has 
been  pointed  out,  and  it  remains  to  show  that  these  do  or  do  not  fall 
into  unison  with  the  diurnal  temperature  curve. 

My  first  effort  in  this  direction  was  to  ascertain  whether  any  prob- 
able change  of  temperature  in  the  wall  of  the  wells  was  capable  of 
producing  the  amount  of  movement  observed,  and  to  do  this  an  appa- 
ratus waa  constructed  and  set  in  the  soil,  consisting  of   a  double 
walled  cylinder   taking  the  place   of  the   tile   in   the   well,  and  a 
current  of  warm  water,  having  a  temperature  of  from  70°  to  90^ 
F.,  waa  kept  circulating  through  it  during  three  consecutive  hours  on 
three  different  days.     One   of   the  one-day   recording  instruments 
waa  used   to  register  the  fiuctuations  in  the  level  of  the  water  in 
the  well.     There  was   in   no   one   of 
these  trials  any  change  in  the  curve 
which  appeared  to  have  any  connec- 
tion with    the  time  of   beginning  or 
closing  of  the  experimenta,  and  yet 
the  changes  in  the  temperature  of  the 
walla  of    the   well    must   have    been 
greater  than  the  diurnal  range  due  to 
atraospheric  changes  of  temperature, 
I  then  buried  bodily  a  thermograph, 
first  at  a  depth  of  6  feet  and  then  at  a 
depth  of  18  inches.    The  degree  lines 
in  this  instrument  were  Um)  close  to 
detect  more  than  the  slightest  diurnal 
change  at  the  greater  depth,  but  at  18 

inches  the  diurnal  range  was  appreci-  fio-m- consirucdonotnewrormorMif- 
able  but  could  not  be  meaaured  very  "wording .oiUherm™,ter. 

accurately,  and  as  the  instrument  in  its  box  occupied  a  8pa<;e  of  9 
inches,  the  temperature  change  recorded  could  not  be  located  at  any 
definite  plane.     I  then  constructed  a  thermometer,  in  the  form  repre- 
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sented  in  Fig.  34,  out  of  li  inch  gas  pipe  18  feet  long,  and  filled  it 
with  alcohol,  which  was  made  to  act  upon  a  plug  of  mercury  in  the 
bend  of  the  tube,  the  latter  moving  a  float  which  was  attached  to  one 
of  the  recording  instruments  used  on  the  wells.  Only  an  approxi- 
mate calibration  of  this  instrument  was  attempted,  and  this  was  done 
by  placing  a  soil  thermometer  in  contact  with  the  center  of  the  tube 
in  the  soil  and  keeping  a  record  of  its  changes  as  checks  upon  the- 
other. 

The  curve  produced  by  this  instrument,  placed  18  inches  below 
the  surface,  and  that  of  a  thermograph  sheltered  at  a  height  of  one 
foot  above  the  ground  at  the  place,  giving  the  air  temperatures  for 
the  same  period,  are  shown  in  Fig.  35.  Here  it  will  be  seen  that  the 
soil  at  18  inches  below  the  surface  is  subject  to  a  diurnal  oscillation 
amounting  to  about  1°  F.,  and  that  the  lowest  temperature  in  the 
soil  occurs,  at  this  level,  a  little  after  noon  and  the  highest  a  little 
after  midnight. 


Fia.  35-  Dlnriu]  changes  In  loil  lemperstDre  iS  Inobes  hslow  th«  (urCice,  nnd  eomapondlna 
ftir  tfmiwrinare  for  Ihe  mme  period. 

We  have  no  observations,  as  yet,  which  definitely  settle  from  what, 
level  the  water,  which  produces  the  rise  in  the  well,  comes,  but  I 
know  no  reason  for  supposing  that  the  chief  part  comes  from  above 
the  18-inch  level.  If  the  water  comes  from  below  the  18-inch  level 
the  temperature  changes  which  effect  its  movement  should  be  ex- 
pected to  lag  still  more  behind  those  of  the  air  and  so  bring  the 
highest  temperatxire,  not  a  little  after  midnight,  but  at  some  later 
interval.  Referring  to  the  figures  showing  the  diurnal  oscillations 
in  question,  it  will  be  seen  that  the  lowest  points  in  the  curves,  which 
represent  the  highest  water  in  the  well,  and  which  correspond  to  the 
warm  epochs  in  tlie  soil-cylinder  referred  to,  occur  at  from  6  to  8  in 
the  morning  and,  as  the  level  of  the  water  in  the  wells  and  that  which 
discharges  into  the  drain  is  more  that  twice  the  depth  of  the  soil 
thermometer  below  the  surface,  there  appears  no  great  improbability 
that  the  lading  of  the  temperature  wave  is  entirely  sulBcieut  to 
cause  the  percolation  into  the  wells  to  occur  at  the  time  at  which  the 
curves  show  that  it  does  take  place. 

The  reason  for  the  absence  of  oscillations  during  the  spring  and 
early  summer  due  to  changes  in  the  soil  temperature  may  not  at  first 
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be  apparent,  nor  can  one  be  assigned  with  any  degree  of  assurance 
until  we  have  obtained  satisfactory  continuous  records  of  soil  tem- 
perature at  various  depths  below  the  surface.  Still,  observations  do 
show  that  the  temperature  does  progress  downward  slowly,  and  while 
the  surface  soil  is  so  full  of  water,  which  is  being  evaporated  from 
the  surface  rapidly,  there  would  be  relatively  less  energy  left  daily 
for  transmission  downward.  Besides  this,  the  zone  of  soil  in  which 
diurnal  oscillations  are  appreciable,  we  have  reason  to  expect  is 
progressively  increasing  during  the  whole  season  of  increasing  tem- 
I>erature,  and  future  continuous  records  may  show  that  below  even  a 
very  shallow  depth  there  are,  early  in  the  summer,  no  measurable 
OBcillations  of  this  character. 

There  is  another  possible  cause  of  increasing  diurnal  oscillations 
later  in  the  season  which  does  not  exist  in  the  spring.  I  refer  to  the 
extension  and  occupancy  of  the  soil  by  the  roots  of  growing  vegeta- 
tion. Since  large  volimies  of  water  are  carried  to  the  surface  in  in- 
creasing quantities  as  the  season  advances,  and  since  sap  from  the 
stems  and  leaves  bathed  in  the  warm  air  is  carried  downward  into 
the  ground  to  feed  the  roots,  we  may  expect  a  certain  quantity  of 
heat  to  be  transported  below  the  surface  and  to  considerable  depths 
in  this  manner,  and  this  would  have  an  increasing  effectiveness  later 
in  the  season  as  the  water  is  withdrawn  from  the  soil,  for  such  with- 
drawal must  very  materially  diminish  the  mean  specific  heat  of  the 
soil,  thus  allowing  the  same  nimiber  of  heat  units  to  produce  a  greater 
change  in  temperature. 

EFFECT   OF    INCREASING    SOIL    TEMPERATURE    ON    THE    GENERAL    HEIGHT 

OF  THE   GROUND-WATER   SURFACE. 

Since  the  water-holding  power  of  soil  is  decreased  by  an  increase 
of  temperature  it  follows  that  the  seasonal  rise  of  temperature  in  the 
ground  must  have  the  effect  of  increasing  the  rate  of  percolation  and 
of  enabling  some  water  to  reach  the  ground-water  level  which,  during 
the  earlier  season,  would  be  retained  in  the  soil  by  capillary  action. 
This  effect,  therefore,  must  tend  to  hold  the  level  of  ground-water 
above  what  it  would  otherwise  occupy.  The;  same  cause  would  also 
tend  to  decrease  the  per  cent,  of  water  in  the  soil  below  the  surface 
and  cause  it  to  appear  to  be  drying  out  by  capillary  action  upward^ 
when  in  reality  the  drying  was  the  result  of  percolation  downward, 
due  to  a  rise  in  the  soil  temperature. 

INFLUENCE    OF    CHANGES    IN    SOIL    TEMPERATURE    ON    UNDERGROUND 

DRAINAGE. 

If  it  is  admitted  that  an  increase  in  soil  temperature  decreases  the 

water-holding  power  of  the  soil,  it  should  be  expected  that  under 

jniitable  conditions  drains  should  show  a  diurnal  variation  in  the 
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rate  of  discharge,  due  to  diurnal  changes  of  temperature.  Th'e  curve 
produced  by  the  drain  gauge,  which  is  shown  in  the  figure,  with  those 
of  the  wells  exhibiting  the  marked  diurnal  oscillations,  appears  to  be 
in  perfect  accord  with  them  so  far  as  the  diurnal  oscillations  are  con- 
cerned, and  hence  indicates  that  there  are  or  may  be  diurnal  changes 
in  the  rate  of  flow  of  water  from  the  ground,  due  to  temperature 
changes. 

During  some  laboratory  studies  conducted  at  this  station,  in  which 
the  writer  attempted  to  ascertain  whether  the  presence  or  absence  of 
salts  influenced  the  rate  of  flow  of  water  through  soil,  he  found  that 
the  apparatus  was  so  extremely  sensitive  to  temperature  changes  that 
no  concordant  results  could  be  obtained  until  the  whole  apparatus 
was  put  under  complete  control  so  far  as  changes  in  temperature 
were  concerned.  To  illustrate  this  influence  the  following  results 
may  be  cited :  Starting  with  the  apparatus  filled  with  a  coarse  sand 
and  at  a  temperature  of  9.01°  C,  the  flow  =  6.153  grams  per  minute; 
at  9.23°  C,  the  flow  — 6.27  grams  per  minute;  at  9.38°  C,  the  flow 
=  6.384  grams  per  minute;  at  12.6°  C,  the  flow  =  7.046  grams  per 
minute ;  at  23.8°  C,  the  flow  =  9.014  grams  per  minute ;  at  32.46®  C, 
the  flow  =  10.54  grams  per  minute. 

While  it  is  likely  that  a  part  of  the  increase  in  the  rate  of  flow 
through  this  sand  was  due  to  the  fact  that  the  coefficient  of  expan- 
sion of  the  walls  of  the  apparatus  and  that  of  the  sand  wore  not  the 
same,  yet  the  differences  in  the  rate  are  too  large  to  be  accounted  for 
completely  in  this  manner. 

In  case  it  is  true  that  changes  in  the  temperature  of  soil  do  affect 
the  rate  of  flow  of  water  through  it,  it  should  be  expected  that  the 
configuration  of  the  general  ground-water  surface  would  change  as  a 
consequence  of  this  temperature  influence,  for  under  the  lower 
grounds,  where  the  summer  temperature  penetrates  more  quickly  to 
the  zone  in  which  the  water  is  flowing  toward  drainage  outlets,  the 
resistance  to  flow  would  be  decreased  and  the  surface  of  ground-water 
would  fall  more  rapidly  as  a  consequence  than  it  would  under  the 
higher  and  colder  ground. 

Then,  again,  under  the  reverse  conditions  of  winter,  when  the  low 
lands  are  colder  at  the  level  of  ground-water  than  under  the  higher 
land,  the  resistance  to  flow  would  be  increased  and  the  relatively 
more  rapid  drainage  from  the  higher  lands  would  tend  to  raise  the 
water  surface  under  the  colder  low  lands  above  the  normal,  and  hence 
to  develop,  toward  spring,  an  attitude  of  the  ground-water  surface 
approaching  more  nearly  to  horizontality  than  is  normal  to  the  sum- 
mer season. 

We  have  shown  that  the  diurnal  variation  in  the  temperature  of 
the  soil  at  a  depth  of  18  inches  below  the  surface  is,  at  the  date  of 
writing,  only  about  1°  P.,  and  that  it  is  probably  less  than  this  at  the 
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depths  of  the  welle  and  drains,  and  yet  the  continuoue  records  ob- 
tained appear  to  show  that  such  small  changes  of  temperature  are 
effective  iu  modifying  the  rate  of  discharge  of  water  into  the  drains 
as  well  aa  upon  the  height  of  water  in  the  non-capillaiy  spaces  of  the 
soil.  Now,  if  the  movements  of  water  through  the  soil  are  thus  sen- 
sitive to  temperature  changes  it  follows  that  in  two  countries  where 
the  mean  soil  temperatures  vary  to  a  considerable  extent,  the  effect- 
ivenees,  capacity,  proper  depth,  and  distance  apart  of  tile  drains  may 
be  foimd  to  materially  differ. 

TEMPEBATORE   TIDE   OF   THE   QRODND- WATER   SURFACE. 

It  follows,  from  the  observations  here  recorded,  that  in  all  placee 
vhere  the  diurnal  oscillations  of  soil  temperature  reach  the  ground- 
water this  surface  is  by  it  subjected  to  an  ebb  and  flow  vertically  over 
the  surfaces  of  the  soil  grains,  which  reaches  upward  possibly  even 
through  the  zone  of  soil  containing  only  hygroscopic  moisture ;  for  if 
the  thickness  of  the  film  of  water  which  can  be  borne  by  the  soil 
grains  varies  with  the  temperature,  there  may  be  a  progressive  thin- 
ning and  thickening  of  this  film  as  the  temperature  rises  and  falls 
and,  if  this  is  true,  the  soil  grains  are  subjected  to  an  exchange  of 
water  upon  their  surfaces  throughout  a  deep  zone,  which  must  influ- 
ence greatly  those  disintegration  processes  which  contribute  so  much 
to  the  fertility  of  soils  and  to  the  leaching  of  them.  Even  if  this  ebb 
uid  flow  is  confined  to  a  zone  extending  but  a  foot  above  the  level 
where  the  non-capillary  spaces  in  the  soil  remain  full,  the  sum  total 
of  its  effects  must  still  be  very  great. 

SEISMIC   OSCILLATIONS   OF   THE   GROUND-WATER    SURFACE. 

One  of  the  surprising  observations  made  during  this  study  is  that 
a  heavily  loaded  moving  train  has  the  power  of  disturbing  the  level 
of  water  in  the  non-capillary  spaces  of  the  soil,  but  in  just  what  man- 
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ner  this  is  brought  about  is  not  easy  to  see.     The  observed  facts  are 
these:  While' the  self-registering  instrument  was  upon  well  48  It  was 
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observed  that  there  were  frequent  records  of  sharp,  short  period  curves 
shown  upon  the  sheet,  which  at  first  were  supposed  to  be  the  result  of 
accidental  jars  which  the  instrument  sustained ;  but  the  frequency  of 
their  occurrence,  and  the  fact  that  they  were  always  dependent  from 
the  other  curve,  led  to  a  closer  scrutiny  of  them  and  their  final  asso- 
ciation with  the  movement  of  trains  -past  the  well.  On  the  eight-day 
instrument  these  fluctuations  were  shown  as  single  dashes,  but  with  the 
one-day  form  the  curve  was  open  and  having  the  character  shown  in 
the  tracing,  Pig.  36.  The  well  in  which  these  disturbances  occur  is 
situated  about  140  feet  from  the  railroad  track,  and  has  a  depth  of 
40  feet.  It  is  tubed  up  with  6-inch  iron  pipe  to  the  sandstone,  37  feet 
below  the  surface,  and  the  water  has  a  mean  depth  of  about  20  feet 
in  it. 

The  strongest  rises  in  the  level  of  the  water  are  produced  by  the 
heavily  loaded  trains  which  move  rather  slowly.  A  single  engine  has 
never  been  observed  to  leave  a  record,  and  the  rapidly  moving  passen- 
ger trains  produce  only  a  slight  movement,  or  none  at  all,  which  is 
recorded  by  the  instrument.  The  figure  shows  the  curve  to  be  pro- 
duced by  a  rapid  but  gradual  rise  of  the  water,  which  is  followed  by 
only  a  slightly  less  rapid  fall  again  to  the  normal  level,  there  being 
nothing  oscillatory  in  character  indicated  by  any  of  the  tracings  nor 
observable  to  the  eye  when  watching  the  pen  "While  in  motion.  The 
downward  movement  of  the  pen  usually  begins  when  the  engine  has 
passed  the  well  by  four  or  five  lengths,  and  when  the  pen  is  watched 
it  may  be  seen  to  start  and  to  descend  quite  gradually,  occupying 
some  seconds  in  the  descent.  The  actual  amplitude  is  one-third  of 
that  shown  in  the  cut,  which  represents  about  the  average  occurrences, 
and  these  disturbances  are  not  peculiarities  of  the  present  season  when 
the  ground-water  surface  occupies  a  higher  plane  than  it  has  during 
the  three  years  past,  for  the  records  of  last  year,  which  were  procured 
with  the  improvised  instrument  to  which  reference  has  been  made, 
bear  evidence  of  the  same  disturbances  produced  then. 

The  manner  in  which  a  train  moving  across  the  ground-water  sur- 
face lying  seventeen  to  twenty  feet  below  can  effect  such  changes  as 
the  instruments  have  recorded  is  not  at  once  apparent,  especially 
when  it  is  observed  that  the  site  of  the  records  is  140  feet  distant 
from  the  railroad  track.  The  first  explanation  which  suggests  itself 
is  that  the  short  period  shocks  which  the  earth  sustains  in  the  tran- 
sit of  the  train  are  transformed  into  a  wave  of  long  period  which  is 
propagated  radially  from  the  center  of  the  disturbance  and,  reaching 
the  well  in  its  course,  produces  the  record  there  obtained ;  but  such 
an  explanation  appears  to  be  renderidd  inadmissible  because  there  is 
one  single  rise  and  fall^  with  no  trace  whatever  in  the  curve  of  a  repe- 
tition, as  a  true  wave  implies.  A  more  probable  hypothesis  perhaps 
is  that  the  mass  of  the  train  in  its  transit  by  th6  V^U  depresses  the 
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earth  bodily,  cauBing  it  to  sink  into  the  ground-water  more  deeply 
:and  thus  displace  it  laterally,  causing  it  to  rise  under  the  surrounding 
:area;  but  if  this  is  true,  and  the  displacement  of  the  water  has  oc- 
•curred  equally  in  all  directions,  a  rise  of  one-tenth  of  an  inch  at  the 
well,  140  feet  distant,  means  a  downward  displacement  at  the  track 
amounting  to  something  more  than  this,  apparently  twice  that 
amount  at  least. 

So  far  as  the  character  of  the  curve  and  the  method  of  recording  it 
are  concerned  it  would  be  equally  admissible  to  suppose  that  the 
:ground,  as  far  away  as  the  location  of  the  instrument,  was  bodily 
•depressed  so  that  the  recording  apparatus  moved  downward,  rather 
than  that  the  surface  of  the  water  in  the  well  moved  upward,  in  pro- 
ducing the  curve ;  but  on  this  hypothesis  the  amount  of  earth  moved 
seems  enormously  great  when  compared  with  the  inertia  of  the  train 
which  produced  the  rise  of  water  in  the  well.  Again,  it  may  be  urged 
that  the  movement  at  the  well  which  produced  the  record  was  the 
result  of  an  upward  thrust  of  the  ground-water  surface  and  a  down- 
throw  of  the  soil  in  the  same  place,  so  that  the  total  movement  in 
•either  case  may  not  have  exceeded  .06  of  an  inch. 

As  still  another  alternative,  it  may  be  urged,  that,  either  by  com- 
pression of  the  zone  of  capillarily  saturated  soil  lying  just  above  the 
ground-water  surface,  or  by  its  frequent  recoils  from  the  shocks  im- 
parted by  the  moving  train,  some  of  the  capillary  water  is  forced  out 
of  the  soil  and  made  to  raise  the  mean  level  of  the  ground-water,  thus 
augmenting  the  head  so  as  to  cause  the  water  to  rise  in  the  well. 
But  to  raise  a  float  one-tenth  of  an  inch  at  a  distance  of  140  feet  im- 
plies a  dislodgement  of  capillary  water  and  an  augmentation  of  head 
seemingly  too  large  to  be  produced  by  the  most  heavily  loaded  train. 
Since  such  changes  as  result  from  the  movement  of  a  train  over 
the  ground  affect  the  level  of  the  water  in  it  to  such  an  extent  as  to 
be  susceptible  of  measurement  in  the  manner  described,  we  may,  per- 
haps, expect  to  find  that  the  ground-water  is  sensitive  to  seismic  dis- 
turbances and  that  the  method  here  used,  or  a  modification  of  it,  is 
capable  of  rendering  valuable  information  in  volcanic  districts  regard- 
ing earth-tremors  due  to  such  causes.    Indeed,  the  extreme  complexity 
of  some  of  the  curves  obtained  here,  and  more  especially  of  those  ob- 
tained at  Whitewater,  of  which  tracings  are  given,  implies,  either  that 
the  barometric  oscillations  are  much  more  frequent  and  of  wider 
amplitude  than  we  are  accustomed  to  think,  or  else  that  the  earth 
here  is  subject  to  tremors  which  may  be  recorded  by  fluctuations  in 
the  changes  of  level  in  the  ground-water  surface. 

THE  MECHANICAL  ACTION  OF  BAROMETRIC  CHANGES  IN  PRODUCING  FLUC- 
TUATIONS IN  THE  LEVEL  AND  DRAINAGE  OP  GROUND-WATER. 

The  evidence  now  at  hand  is  insufficient  to  show,  in  a  satisfactory 
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and  conclusiye  manner,  just  how  changes  in  atmospheric  pressure 
produce  those  changes  in  the  level  of  the  water  in  wells  and  in  the 
rate  of  flow  from  the  ground  which  have  been  shown  to  be  closely  as- 
sociated with  them.  Unless  some  overshadowing  influence  is  in 
operation  at  the  same  time,  a  rise  in  the  barometer  is  very  nearly 
coincident  in  time  with  a  fall  of  the  water  in  wells  and  with  a  dimin- 
ished rate  of  discharge  of  water  from  the  ground,  and  vice  versa. 

There  are  two  radically  different  methods  of  action,  by  either  of 
which  we  may  suppose  the  phenomena  in  question  are  brought  about 
through  changes  in  atmospheric  pressure.  In  the  first  place,  it  may 
be  supposed  that  the  general  level  of  the  ground-water  surface  is  de- 
pressed or  elevated  bodily,  as  the  case  may  be,  by  barometric  changes, 
the  loading  of  air  upon  a  region  depressing  the  ground-water  surface 
of  that  region  and  the  unloading  of  it  permitting  the  level  to  be 
partly  or  wholly  restored  again.  In  the  second  place,  it  may  be  sup- 
posed that,  through  an  unequal  permeability  of  the  soil  above  stand- 
ing water  in  the  ground,  the  changes  in  atmospheric  pressure  are* 
more  quickly  felt  by  the  water  surface  at  some  points  than  at  others, 
and,  as  a -consequence,  a  rising  barometer  will  cause  the  water  to  be 
depressed  in  wells  and  in  open  soils,  the  water  rising  into  both  the 
capillary  and  non-capillary  spaces  of  the  adjacent  less  permeable 
areas,  while  a  reduced  air  pressure  would  permit  the  confined  air  in 
the  soil  of  the  more  impermeable  regions  to  react  and  force  the  water 
into  wells  and  drains,  thus  producing  the  phenomena  associated  with 
a  falling  barometer. 

If  a  high  barometric  area  develops  over  the  west  Atlantic  Ocean 
while  a  low  area  has  formed  upon  the  eastern  portion,  maintaining  a 
difference  of  pressure  of  one  inch,  the  ocean  surface,  as  a  result  of 
this  unequal  loading,  will  be  deformed  to  the  extent  of  1.13  foot,  the 
water-level  on  the  west  falling,  while  that  upon  the  esst  rises  through 
one-half  of  this  distance;  so  if  we  suppose  a  continental  ground- 
water surface  in  a  state  of  drainage  equilibrium  to  be  similarly  cir- 
cumstanced, its  surface  would  be,  in  a  like  manner,  deformed,  and  as 
a  result  of  this  deformation,  the  water  would  stand  higher  in  the 
wells  and  discharge  more  rapidly  from  the  springs  and  drains  of  the 
low-pressure  area  while  the  converse  would  be  true  under  the  high 
area. 

*If  Mr.  G.  H.  Darwin  is  right  in  his  estimate,  that  if  the  barometer 
rises  an  inch  over  an  area  like  Australia  the  load  is  sufficient  to  sink 
the  continent  two  or  three  inches,  apd  that  the  tides,  which,  twice  a 
day,  load  the  shores  of  the  Atlantic,  may  cause  the  land  to  rise  and 
fall  as  much  as  five  inches,  there  appears  no  physical  reason  why,  the 
ground-water  surface  being  more  mobile  than  the  rigid  earth,  and  at 
the  same  time  capable  of  moving  through  its  interstices,  should  not 

*  Nature,  Vol.  XVI,  page  867. 
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anffer  a  deformation  greater  than  that  of  the  land  itself  when  sub- 
jected to  a  similar  load.  If  a  horizontal  canal  be  conceived  to  span  a 
distance  of  two  thousand  miles  and  to  lie  above  the  general  drainage 
plane  so  that  water  might  discharge  from  opposite  ends  through  gates 
of  equal  capacity,  it  is  evident  that,  were  a  low  barometric  area  to 
lest  upon  one  end,  the  water  would  discharge  from  that  gate  at  a 
rate  exceeding  the  average  while  at  the  opposite  gate  the  rate  of  dis- 
charge would  be  less  than  the  mean.  In  a  like  manner,  if  it  is  pos- 
sible for  atmospheric  changes  to  depress  or  raise  the  ground-water 
surface  in  the  vicinity  of  a  system  of  tile  drains,  the  water  would 
flow  more  or  less  rapidly  from  this  system  according  as  the  region 
was  under  the  influence  of  a  high  or  low  barometric  pressure. 

It  has  been  shown  on  a  preceding  page  that  the  mean  fall  of  the 
ground-water  surface  during  times  of  rising  barometer,  as  estimated 
by  changes  of  level  in  wells,  was  .224  inch  daily,  while  during  times 
of  falling  barometer  the  mean  fall  was  only  .001  inch  per  day. 
Such  a  relation  as  this  should  be  expected  to  exist  if  barometric 
changes  are  capable  of  affecting  the  general  level  of  ground-water  in 
the  manner  here  under  consideration.  Then,  again,  in  the  case  of  the 
well  in  the  galvanized  iron  cylinder,  Fig.  31,  in  which  the  influence 
of  temperature  changes  was  shown,  but  which  was  constructed  for  the 
purpose  of  ascertaining  whether  or  not  the  barometric  changes  were 
thus  local  in  their  effects,  the  curves  nowhere  show  changes  which  can 
be  ascribed  to  barometric  influence,  and  this  is  what  should  be  expected 
if  the  fluctuations  are  due  to  oscillations  of  the  general  ground-water 
BUFface.  It  is  evident,  however,  that  neither  of  these  facts  can  be 
cited  as  lending  much  support  to  the  view. 

Turning  now  to  the  second  hypothesis,  the  following  conditions 
famish  the  foundation  for  it :  The  condensation  capacity  of  water 
for  air  varies  with  the  pressure  to  which  it  is  subjected,  and,  this 
being  true,  atmospheric  changes  are  capable  of  affecting  the  volume 
of  free  air  in  the  soil.  It  has  been  shown  elsewhere  in  this  paper 
that  saturated  and  nearly  saturated  soils,  especially  those  of  fine 
texture,  are  nearly  or  quite  impermeable  to  air  under  atmospheric 
changes  of  .1  of  an  inch.  The  capillarily  saturated  soils  under  field 
conditions  possess  both  capillary  and  non-capillary  spaces  which 
contain  air. 

Under  these  conditions  it  may  be  assumed  that  when  an  area  of 
low  barometer  passes  upon  a  given  district  the  equilibrium  between 
the  confined  gases  and  capillary  tension  is  destroyed,  and  by  the  ex- 
pansion of  the  air  escaping  from  the  water  and  that  which  exists  in 
the  capillary  and  non-capillary  spaces  of  the  soil  above  the  ground- 
water level  capillary  water  is  forced  out  into  the  wells  and  into 
drainage  channels,  and  thus  increases  the  underground  drainage  for 
the  time  and  the  height  of  water  in  wells  and  in  soils  to  which  the 
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air  has  free  access.  Then,  when  the  barometric  conditions  are 
versed,  the  permanent  rarefaction  which  the  soil-air  has  sustained 
through  the  withdrawal  of  water,  and  air  as  well,  from  the  interstices 
of  the  more  impermeable  soil  permits  the  increased  barometric 
pressure  to  force  the  water  from  the  well  back  into  the  passageways 
from  which  it  came  and  thus  lower  the  water-level  in  the  well ;  then, 
too,  in  the  case  of  springs  and  drains,  if  the  water  is  flowing  from 
more  or  less  impermeable  beds  an  increase  of  pressure  would  increase 
the  resistance  against  which  the  water  was  flowing  from  the  soil, . 
while  a  decrease  of  pressure  would  amount  to  the  same  thing  as  giv- 
ing the  water  a  steeper  gradient. 

This  hypothesis  appears  much  more  applicable  to  the  very  short 
period  fluctuation,  which  the  records  so  often  show,  than  it  does  to 
those  which  are  more  gradual  and  involve  the  movement  of  so  much 
larger  volumes  of  water,  as  in  the  case  of  the  spring  at  Whitewater, 
which  continued  to  flow  under  an  increased  head  for  days  in  succes- 
sion with  a  falling  barometer,  producing  a  curve  very  nearly  con- 
centric with  that  of  the  barometer  as  far  distant  as  Madison.  It 
should  be  stated  also  in  this  connection  that  the  barometric  change 
of  level  in  wells  bears  no  definite  relation  to  the  diameter  of  the  well 
into  which  the  water  percolates,  the  rise  being  very  nearly  or  quite 
as  great  in  a  well  4  feet  in  diameter  as  it  is  in  one  5  inches  in  diam- 
eter, and  yet  it  would  seem  that,  if  the  water  is  drained  out  of  the 
soil  locally,  the  larger  the  well  the  slower  its  level  should  change. 
This  difficulty  may  perhaps  be  satisfactorily  met  by  supposing  that 
the  positive  or  negative  gaseous  tension  reacts  vertically  chiefly  upon 
the  general  ground-water  surface,  causing  it  to  rise  and  fall  in  a  con- 
siderable measure  bodily. 

CAUSB  OP  TEMPERATURE  OSCILLATIONS  IN  THE  LEVEL  OP  GROUND  WATER. 

The  amount  of  water  which  has  been  shown  to  leave  the  capillary 
spaces  of  the  soil  with  an  increase  of  temperature,  and  to  return  to 
them  again  when  the  changes  are  reversed,  is  so  great  as  to  make  it 
difficult  to  understand  how  a  simple  diminution  of  the  surface  ten- 
sion of  the  soil-water  is  capable  of  producing  the  whole  movement, 
and  has  led  the  writer  to  suspect  that  possibly  the  expansion  of  the 
soil  air  contained  in  the  capillary  spaces  of  the  soil,  which  is  very 
nearly  saturated,  may,  by  its  change  of  volume  with  change  of  tem- 
perature, account  for  a  portion  of  the  changes  observed. 

INSTANTANEOUS   PERCOLATION   AFTER   RAINS. 

It  has  been  mentioned,  in  referring  to  the  laboratory  experiment 
relating  to  the  distribution  of  capillary  water  in  long  columns  of 
soil,  that  upon  adding  water  to  a  column  of  coarse  saturated  sand, 
but  which  had  teased  to  percolate,  the  water  began  flowing  again  as 
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floon  as  more  was  added  to  the  surface.    In  this  caae  the  water  which 
percolated  at  first  was  not  that  added  to  the  surface,  as  was  proven  by 

the  fact  that  in  a  short  time  the  percolation  ceased 

but  only  to  begin  again  several  hours  later.    The 

same  fact  I  have  observed  in  the  field,  and  in  Fig. 

37  are  produced  the  curves  obtained  with  three  of 

the    self-recording  instruments   at   one  of   these 

S  times ;  two  of  them  on  wells  and  one  upon  a  drain. 

J;  On  the  morning  of  July  24  a  sudden  shower  came 

c  from  the  north  of  west,  and  just  as  the  black  clouds 

I  were  approaching,  apparently  about  20®  above  the 

*  horizon;  the  barometer  began  suddenly  to  rise  and 
I  qpntinued  to  do  so  until  a  few  minutes  after  the 

•  rain  began,  when  it  fell  almost  as  suddenly  to  .05 
I  of  an  inch  below  the  starting  point.  On  going  to 
I  the  wells  and  drain  in  less  than  10  minutes  after 
S  the  shower  of  15  minutes'  duration  had  ceased,  I 
S  found  that  the  water  had  raised  and  was  flowing 
I  so  much  more  rapidly  from  the  drain  as  to  oblige 

the  pen  to  be  reset.     The  curve  from  the  drain 
shows  very  conclusively  that  an  increase  in  the 

{^  discharge  had  occurred  which  persisted  after  the 

I  barometric  change  had  passed. 

These  cases  of  sudden  percolation  I  believe  to 
be  due  to  hydrostatic  pressure  which  the  water, 
falling  upon  the  surface  so  rapidly  as  to  close 
the  air  passages,  exerted  through  the  soil  air  upon 
the  ground-water  below. 


lll.'''IVU2>lllll 


9 

t 

0 

o 


Ilflll9>iillllllll1 
lllllllUlllllllll 


muj 


LUJ 


PERCOLATION   THROUGH   FROZEN   GROUND. 

There  appears  to  be  a  quite  general  impression  that  while  the 
ground  is  frozen  there  can  be  little  or  no  percolation  through  it. 
This  is  80  far  from  being  true  that,  during  three  consecutive  winters, 
at  times  of  sudden  thaws  or  winter  rains  which  melted  considerable 
snow,  the  system  of  drains  on  the  Experiment  Station  farm  has 
discharged  water  so  rapidly  into  the  big  silt  well.  No.  25,  Fig.  3, 
that  a  6-inch  tile  drain  560  feet  long  was  only  able  'to  carry  away 
the  water  brought  to  it  when  it  had  a  fall  of  over  2  feet  and  a  head 
in  the  well  of  nearly  4  feet.  Not  only  has  the  water  been  observed 
to  find  its  way  into  the  drains  through  the  frozen  ground,  but  also 
into  the  shallow  wells.  During  these  times  the  water  appears  to  find 
its  way  into  the  ground  through  shrinkage  cracks,  through  per- 
forations made  by  earth  worms,  and  does  so  without  apparently  con- 
tributing very  much  to  the  surface  3  feet  of  soil. .  These  facts  are 
significant  in  the  bearing  they  have  upon  the  practice,  now  coming  to 
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be  so  general,  of  spreading  farmyard  manure  upon  the  field  during 
the  winter.  I  would  not  here  urge  that  these  observations  should  dis- 
parage the  practice,  but  that  the  matter  is  one  which  merits  careful 
consideration  in  the  study  of  the  advantages  of  winter  manuring. 

SOME   DIRECTIONS   IN   WHICH   FURTHER   STUDY   IS    NEEDED. 

It  should  be  at  once  apparent,  in  a  subject  possessing  the  extreme 
complexity  of  the  one  under  consideration  and  presenting  so  many 
aspects  of  economic  and  scientific  interest  as  does  the  movement  of 
rain  after  it  has  penetrated  the  ground,  that  the  observations  herein 
presented  can  only  be  regarded  as  of  the  nature  of  a  preliminary  re- 
connoissance  of  but  a  small  portion  of  A  field  in  which  our  exact 
knowledge  is  relatively  very  limited.  .•«   -    -t 

A  careful  and  detailed  study  of  the  movements  of  ground-water 
ought  to  supply  very  important  knowledge  bearing  upon  the  contam- 
ination of  drinking  waters  and  the  spreading  of  certain  classes  of 
contagious  diseases,  and  thus  help  to  place  the  water  supply  for  both 
urban  and  rural  purposes  under  better  sanitary  conditions. 

Every  advance  which  is  made  toward  the  increase  of  yield  per  acre 
necessarily  means  an  increased  demand  for  water,  so  that  market 
gardeners  even  in  Wisconsin  and  Illinois,  where  both  the  annual  and 
summer  rainfall  is  relatively  large,  are  turning  their  attention  toward 
providing  suitable  means  for  irrigation ;  and  a  rapid  and  economical 
advance  in  this  direction  demands  a  much  more  thorough  knowledge 
of  the  movements  of  underground  water  than  we  at  present  possess. 

In  the  utilization  of  natural  subirrigation,  to  which  reference  has 
been  made,  and  in  the  reclaiming  of  swamp  lands  for  agricultural 
purposes,  which  must  be  of  growing  importance  in  the  immediate 
future,  there  is  imminent  need  for  new  knowledge  in  the  same  di- 
rection. *''    * 

Before  we  can  understand  the  full  significance  and  extent  of  the 
movements  of  underground  water,  it  will  be  necessary  to  have  syn- 
chronous observations  covering,  not  only  considerable  intervals  of 
time,  but  also  extended  areas  as  well,  and  valuable  contributions  to 
our  knowledge  should  be  expected  if  improved  forms  of  self-register- 
ing apparatus  for  recording  the  changes  in  the  level  of  ground-water 
were  to  be  set  up  at  many  meteorological  and  experiment  stations ; 
and  since  the  soil-water  has  been  shown  to  be  so  susceptible  to  move- 
ments resulting  from  small  barometric  and  temperature  changes,  there 
should  be  forms  of  self-recording  soil-thermometers  more  sensitive 
than  any  now  available,  and  barographs  which  are  capable  of  record- 
ing much  smaller  changes  of  pressure  than  most  existing  instruments 
do.  It  may  be  that  a  barograph  constructed  on  the  principle  of  the 
air  barometer  described  in  Fig.  23,  but  using  a  fixed  oil  instead  of 
water,  filling  the  chamber  with  -  chemically  dry  air  .4i|id  burying  the 
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-whole  more  deeply  in  the  ground,  where  the  diurnal  changes  of  tem- 
perature would  always  be  very  small,  would  answer  the  needs  of  such 
a  study. 

If  the  movements  of  groimd  water  generally  even  approximate  those 
which  the  observations  here  recorded  appear  to  indicate,  a  fuller  under- 
standing of  them  must  shed  much  light  upon  those  metasomatic 
changes  which  are  of  such  great  importance  in  geologic  processes  and 
in  the  origin  and  formation  of  metalliferous  deposits. 

Then  again,  if  tidal  fluctuations  do  really  exist  in  the  ground-water, 
as  Mr.  Roberts  has  affirmed,  and  if  it  is  sensitive  to  seismic  disturb- 
ances, as  the  observations  here  recorded  in  regard  to  the  moving  train 
suggest,  a  study  of  the  movements  of  ground  water  may  be  expected 
to  contribute  much  toward  an  understanding  of  the  nature,  extent, 
and  effects  of  the  movements  of  the  solid  portions  of  the  earth, 
whether  they  are  due  to  stresses  originating  in  extra-terrestrial  causes 
•or  geologic  or  meteorologic  shiftings  of  load  upon  the  earth's  surface. 
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LETTER    OF  TRANSMITTAL. 


U.  8.  Department  of  Agriculture, 

Weather  Bureau, 
Washington,  D.  C,  October  4,  1892. 

8iB :  I  have  the  honor  to  transmit  herewith  a  paper  entitled  "  The 
0iarn&l  Variation  of  Barometric  Pressure,"  which  has  been  prepared 
by  Dr.  Frank  N.  Cole,  and  to  recommend  its  publication  as  Weather 
Bureau  Bulletin  No.  6. 

Very  respectfully, 

Mark  W.  Harrington, 

Chief  of  Weather  Bureau, 
Hon.   J-   M.  Rusk, 

Secretary  of  Agriculture, 
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LETTER  OF  SUBMITTAL. 


University  of  Michigan, 

Ann  Arbor,  Mich.,  July  26,  1892. 

Sib  :  I  have  the  honor  to  submit  herewith  my  Report  on  the  Diurnal 

Variation  of  Barometric  Pressure. 

Very  respectfully, 

Frank  N.  Cole. 
Ma&k  W.  Harrington, 

Chief  of  Weather  Bureau. 


THE  DIURNAL  VARIATION  OF  BAROMETRIC  PRESSURE. 


The  daily  variation  of  atmospheric  pressure  on  the  earth's  surface 
ifi  one  of  the  most  regular  of  atmospheric  phenomena.  As  is  well 
known,  the  barometric  oscillation  attains,  except  in  a  few  localities, 
two  maxima  and  two  minima  every  twenty-four  hours,  the  minima 
occurring  between  2  and  4  o'clock  of  the  early  morning  and  after- 
noon, and  maxima  between  8  and  11  of  the  forenoon  and  evening. 
On  the  open  sea  in  the  tropics,  where  the  disturbing  effect  of  a  land 
Burface  is  eliminated  and  the  daily  variation  in  temperature  reduced 
to  a  minimum,  the  barometric  curve  is  almost  perfectly  symmetrical, 
presenting  nearly  equal  maxima  and  minima  at  equal  intervals  of  six 
hours.  On  land,  however,  and  particularly  in  the  interior  of  conti- 
nents, the  synmietry  is  considerably  diminished,  the  maxima  and 
minima  are  no  longer  equal,  the  day  variation  exceeds  that  of  the 
night,  and  the  intervals  between  the  maxima  and  minima  differ 
measurably. 

Despite  the  regular  character  of  the  phenomenon,  the  determina- 
tion of  thie  physical  causes  producing  it  presents  a  problem  of  ex- 
treme difficulty.  •  If  the  older  method  of  regarding  the  barometric 
oscillation  as  a  single  phenomenon  is  adopted,  it  seems  at  first  sight 
possible  to  account  for  the  afternoon  minimum  as  a  direct  result  of 
the  temperature  maximum  preceding  it  by  one  to  two  hours,  and  the 
consequent  ascent  of  the  heated  atmosphere.  Similarly,  the  morning 
maximum  might  be  connected  with  the  early  morning  temperature 
minimum,  although  obvious  difficulties  at  once  present  themselves 
here.  But  it  is  an  insurmountable  objection  to  the  theory  that  it  can 
neither  account  for  the  night  variation  nor  for  that  on  the  ocean  sur- 
face in  the  tropics,  which  goes  on  with  undiminished  amplitude 
under  a  daily  range  of  temperature  of  only  two  or  three  degrees. 

On  the  other  hand  the  method  of  harmonic  analysis,  i.  e.,  the  reso- 
lution of  the  barometric  oscillation  into  its  harmonic  constituents, 
promises  material  assistance  in  the  solution  of  the  problem  of  the 
physical  cause.  It  is  found  that  the  barometric  oscillation  consists 
in  the  main  of  two  components  with  periods  of  24  and  of  12  hours, 
respectively.  Of  these,  the  daily  component  is  decidedly  irregular  in 
both  phase  and  amplitude,  and  is  undoubtedly  due,  at  least  in  a  large 
part,  to  local  conditions.  It  nearly  disappears  on  the  tropical  ocean, 
bat  occurs  everywhere  on  the  land  with  a  large  amplitude,  which 
increases  toward  the  centers  of  the  continents  and  attains  its  maxi- 
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mum  valueB  in  moontain  ralleya.  The  second  (bi-daily)  component, 
on  the  contrary,  presents  the  utmost  regularity  i°  both  phase  and 
amplitude.  It  is  apparently  entirely  independent  of  local  conditions 
taking  place  over  the  entile  earth,  at  least  as  far  as  latitude  60°,  with 
a  nearly  mathematically  uniform  phase  and  a  constant  amplitude 
diminishing  slowly  as  the  latitude  increases.  Besides  these  two  com- 
ponents there  are  others  of  higher  orders,  which,  however,  constitute 
only  a  very  small  part  (in  the  mean  perhaps  one-eighth)  of  the 
whole.  Of  these,  the  third  component  (period  8  hours)  seems  from 
its  regular  character  to  represent  a  physical  reality.  Whether  this  is 
true  of  the  others  remains  to  be  established. 

The  accompanying  figure  represents  the  first  three  component 
ourveB  of  barometric  pressure,  together  with  the  actual  barometric 
curve,  for  New  York  City  for  the  month  of  June  for  the  four  years 
1888-1891.  The  amplitudes  of  the  first  three  components  in  inches 
are  .019,  .012,  ,003 ;  their  first  maxima  occur  at,  approximately,  7 
a.  m.,  10  a.  m.,  and  6  a.  m. 


Oompoiteni  eurvei  ofharometrie  pretiure,  Nete  York  City. 

It  is  a  fundamental  question  whether  the  process  of  harmonic 
analysis,  as  applied  to  the  barometric  variation,  has  an  actual  physi- 
cal  meaning.  The  component  oacillations  are  usually  computed  from 
monthly  meaoa,  any  temporary  irregularities  thus  disappearing  in 
the  mean.  It  may  be  observed  that  all  those  variations  which 
have  the  same  period,  and  only  those,  will  be  collected  in  the  analysis 
into  a  single  component,  and  that  there  ia  no  method  at  present 
applicable  for  the  separation  of  a  component  into  further  parts. 

It  seems  to  be  generally  agreed  among  meteorologiste  that  the  first 

Cdallv)  and  second  (bi-daily)  components  are  physical  realities  due 

<Lct  causes.     The  first  component  is  certainly  due  to  such  daily 

i  the  variation  in  temperature  with  its  single  maximum,  land 


HARMONIC    ANALYSIS.  9 

■ 

snd  sea  breezes,  precipitation,  frost,  dew,  and  the  general  daily  phe- 
nomena which  are  connected  with  the  topography  of  the  particular 
region. 

The  second  component  is  an  entirely  different  matter.  We  have 
here  an  oscillation  with  a  period  of  12  hours  nearly  uniform  over  the 
entire  globe  as  far  as  latitude  60^,  with  a  phase  which  moves  with  the 
greatest  regularity  forward  in  summer  and  backward  in  winter, 
through  a  range  of  about  an  hour.  It  is  in  form  a  perfect  analogy 
to  the  solar  tide.  But  it  is,  of  course,  impossible  to  suppose  with 
some  of  the  early  meteorologists,  that  it  is  in  any  way  gravitational. 
It  is  believed  by  Hann  and  other  eminent  authorities  to  be  due,  in 
«ome  not  as  yet  wholly  determined  way,  to  tjie  sun's  radiant  energy 
Absorbed  in  the  upper  atmosphere.  Hann  has  shown  that  the  ampli- 
tude of  this  component,  at  least  in  the  lower  latitudes,  has  a  maxi- 
mum in  December  corresponding  to  the  earth's  perihelion.  The  diffi- 
culty with  the  component  is,  of  course,  to  account  for  the  night  maxi- 
mum and  minimum.  One  cannot  avoid  recurring  again  and  again  to 
its  tidal  character.  It  has  even  been  suggested  that  it  is  of  cosmical 
origin,  perhaps  due  to  electro-magnetic  causes. 

If  we  accept  the  second  component  as  physical,  it  is  difficult  to 
reject  the  higher  components.  Nevertheless,  a  natural  hesitation  is 
felt  in  supposing  oscillations  with  periods  of  ^,  ^,  etc.,  hours  to  have 
a  real  existence.  Mathematically,  these  periods  are  present  to  several 
higher  orders,  in  winter  perhaps  seven  or  eight.  The  only  criteria 
available  for  distinguishing  the  real  from  the  imaginary  components 
are  the  regularity  of  the  former  and  their  coincidence  with  other  phys- 
ical phenomena.  From  this  standpoint  the  third  component  must 
certainly  be  regarded  as  real.  This  component  resembles  greatly  the 
second.  Although  very  small  in  the  mean,  it  is  extremely  regular 
and  uniform  over  the  whole  earth.  Its  amplitude  has  a  minimum 
at  each  equinox,  a  large  maximum  in  winter  and  a  smaller  one  in 
summer.  Besides  this,  the  third  component  reverses  its  phase  at  the 
equinoxes,  i.  e.,  its  maxima  in  summer  fall  at  the  hours  of  the  min- 
ima in  winter.  It  seems  certain  that  this  component  is  connected  in 
some  way  with  the  annual  march  of  the  sun,  and  is  of  the  same 
general  character  as  the  second  in  regard  to  its  moving  cause. 

The  fourth  component  also  shows  a  very  noticeable  regularity  in 
both  amplitude  and  phase,  although  much  less  so  than  the  third. 
This  component  has  a  nearly  constant  amplitude  from  the  vernal  to 
the  autumnal  equinox,  increasing  about  threefold  in  winter.  The 
rapid  and  considerable  change  of  its  phase  from  month  to  month, 
while  proceeding  with  great  uniformity  over  the  earth,  makes  it  diffi- 
cult to  determine  in  many  cases  whether  the  change  is  a  progression 
or  a  regression,  and  the  difficulty  is  increased  by  the  smallness  of  the 
■amplitude  in  summer,  which  may  decidedly  affect  the  accuracy  of 
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the  calculation  of  the  phase.  A  satisfactory  treatment  of  the  fourth 
component  would  require  its  determination  for  smaller  intervals  than 
a  month.  Probably  fifteen  days  would  be  a  convenient  interval. 
From  the  data  available  it  would  seem  that  the  fourth  component 
is,  like  the  preceding  ones,  a  physical  reality. 

Tables  I  to  VI  give  the  amplitudes  and  phases  of  the  first  four 
components  of  barometric  pressure  computed  from  the  monthly- 
means  for  periods  of  two  to  four  years,  ending  December  31, 1891,  for 
the  six  cities,  Boston,  New  York,  Philadelphia,  Chicago,  Saint  Louis, 
and  Denver.  To  these  are  added  the  averages  for  Greenwich,  England, 
for  the  20  years,  1864  to  1873.* 

NOTB  ON  THE  METHOD  EMPLOYED   IN  THE  COMPUTATION  OF  THE  HARMONIC  COMPONBKTS. 

The  computations  follow  the  method  given  by  Strachey  in  the  proceedings  of  the 
Royal  Society  of  London,  vol.  42,  p.   61,  except  that  I  find  it  more  convenient  to  use^ 
the  form 

Pi  COS.  («  — /i,)  +  P,C08.  (2*— 2^)  + P,  COS.  (8«— «//»)  + 

than  the  form 

Pi  sin.  («— Ai)  +?«  sin.  (2a:-- A,)  +  P,  sin.  (8a:— A,)  + 

Otherwise  my  tables  are  precisely  like  those  of  Strachey,  as  given  on  pp.  76  and  77  of 
the  article  referred  to. 

In  some  cases  it  is  impossible  to  decide  whether  the  phase  has  moved  forward  or 
backward.  These  cases  are  marked  with  an  *.  The  mean  barometer  is  noted  for  each 
month,  except  in  the  case  of  Chicago,  where  the  location  of  the  station  was  changed  in 
1890. 

The  computations  in  Table  I  are  for  standard  time ;  to  reduce  to  local  time  add  4?  to 
each  angle.     Tables  II  to  VI  are  computed  for  local  time. 

*  Taken  from  the  British  report  on  Harmonic  Analysis  of  Temperature  and  Pressure- 
at  British  observdtones.     London,  1891. 
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Table  I. — Harmonic  analysis  for  pressure, 
BAROGRAPH  READINGS,  BOSTON,  MASS.    SUMMARY,  1888-1891. 


Janaary,  99.9165. 


Pebmary,  29.9350. 


Mareh,  29.8471. 


April,  29.8831, 


May,  99-8499- 


Jane,  99.8074 


Jaly,  99.8693. 


Angnsl,  29.8687. 


September,  29.9596 


October,  29.8301 


NoTember,  29.9417 . 


December,  29.9066 


4  year*,  29.8845- 


Year. 


1889. 
1890. 
1891. 


Mean., 

1889.  ., 
1890..., 
1891.... 


Mean., 


1889. 
1890. 
Z891. 


Mean., 


1888. 
1889. 
1890. 
1891. 


Mean . . . 


18S8. 
1889. 
1890. 
1891. 


I^ean . . . 


luOOa • « ■ ■ 

i889t.... 

1890 

189Z 


Mean... 


1888. 
1890. 
i8$i. 


Mean . . . 


1888 

18&9}.... 

1890 

1891 


Mean . . . 


1888. 
1889. 
1890. 
X891. 


Mean 


18S8. 
1889. 
1890. 
1891. 


Mean . , 


1888. 
Z889. 
1890. 
1891. 


Mean . 


1888. 
1889. 
1890. 
1891. 


Mean. 


.0101 
.0236 
.0090 

.0142 


.0090 
.0114 
.0106 

.0103 


.0107 
.0278 
.0152 

.0179 


.0163 
.0117 
.0194 
.0178 

.0163 


.0136 

.0183 

•0253 
.0273 

.03II 


.0188 
•0250 
.0178 
.0196 

.0203 


.0161 
.0171 
.0107 

.0146 


.ooBS 
.0107 
.0056 
.0137 

.0097 


.0132 
.0060 

.0133 
.0184 

•  0132 


>OI27 

.0097 

.0048 

-0054 

.0081 


.0219 

0057 
0052 
•  0149 

.0119 


.0126 
.0124 
.0078 
.0103 

•0123 


.0142 


Pi 


.0021 
.0174 
.0090 

.0111 


>ooi9 
.0149 
.0153 

.0107 


.0011 

0188 

.0174 

•  0124 


.0106 
.0078 
.0182 
.0158 

•  0131 


OI33 

0133 

.0149 

0149 
.0141 


.0100 
.0117 
.0093 

.0103 


.0166 
.0149 
.0152 
.0143 

.0152 


.0151 

•  0150 
.01B2 
.0166 

•  0162 


.0130 
.01C7 
■  0152 
.0141 

0147 


.0128 


.0017 
•0075 
•0073 

•0055 


.0014 
.0066 
.0046 

.0042 


.0010 
.0026 
.0014 

.0017 


.0014 
.0008 
.0019 
.0023 

.C016 


.0012 
.0026 
.0026 
.0017 

.0020 


.oooS 
.0034 
•  0013 

.0018 


.0032 
.0023 
.0023 
.0025 

.002S 


.002S 

•  0063 
.0058 
.0061 

•  0052 


.0066 
.0066 
.0070 
.0094 

.0074 


•  0031 


P4 


.0117 
.0119 
.0100 
.0108 

.0020 

•a>33 
.0033 

.0024 

•0005 
.0004 
.oooS 
.0011 

86  10 

87  35 
82  34 

103  23 

.0111 

.0037 

.0006 

89  55 

.0122 
.0119 
.0110 
.0110 

.0010 
.0018 
.0026 
.0017 

•  0016 
.0007 
.0005 
.0001 

85  16 

9*  51 

85  18 

107  23 

.0115 

.0018 

•  0007 

92  27 

.0109 
.0127 
.0141 
.0167 

.0003 
.0010 
.0012 
.0008 

.0006 
.0010 
.0006 
.0007 

20  25 

78  02 

79  45 
93  41 

.0136 

.0008 

.0008 

<:8  03 

0007 

«H5 
0044 

0032 


0007 
0009 
0005 

0007 


0005 
0007 
0013 

0008 


0024 
0007 
0017 
0028 

0019 


OOIO 

0004 
0013 
0007 

0008 


0009 
0006 

0007 

0007 


0001 
0008 
0000 

0004 

0003 


0006 
0004 
0016 

OOIO 


0009 


0030 

0051 
0031 

0043 
0036 


00X2 


**1 


O   / 

124  06 

37  29 
28  27 

63  21 


107  30 

638 

65  02 

59  43 


127  01 
5906 
99  13 

9507 


Ml 


6736 

83  S3 

87  29 

31  06 
67  16 


66  33 
93  18 

76  II 

74  43 

77  41 


103  II 

80  15 

108  13 

97  13 


29  54 
52  52 
79  00 
56  30 

54  34 


69  00 

6643 
47  03 
87^ 

67  41 


43  44 

3«>  59 

ifc7  50 

"5  50 
91  oS 


77  01 


o  ^ 
09  20 
3506 

35  59 
26  48 


40  03 
31  00 
3645 

3556 


36  41 

37  39 
33  34 

3558 


35  " 

38  12 

39  46 

40  38 

3827 


49  31 
30  14 
41  14 

39  07 

40  01 


45  56 
36  17 

40  59 
44  13 

41  51 


42  09 

39  45 
41  28 

41  07 


39  55 
42  10 

38  19 
41  20 

40  26 


34  28 

37  43 

39  10 
41  42 

38  17 


25  42 
31  38 
19  27 

3909 
28  59 


36  23 
28  32 
19  07 
30  28 

28  37 


29  20 

24  03 
29  09 

27  19 

27  37 


35  19 


Ms 


o   ^ 
5  25 
30  00 
27  28 

20  58 


M4 

O  X 
3536 
64  21 
50  16 

50  04 


2  43 
27  34 
31  09 

20  39 


75  45 
77  58 
67  30 

73  44 


542 
19  46 

15  00 
13  29 


30  00 

75  00 
95  oi 

105  50 

76  28 


-  2  03 
10  13 
12  48 

659' 

19  IT 
17  14 

8  46 
2346 

16  74 


94  41 
67  44 

95  40 
91  35 

87  25 


8441 
81  19 

90  48 

91  38 

87  06 


6  35 
22  30 

S  10 
33  54 

17  47 

12  16 
-28  29* 
I  49 
16  15 

258 


62  23 
8937 

77  55 
7638 


2  II 
18  00 
.655 

9  03 


S2  59 
9044 
80  01 

93  55 
8655 


•  2  31 

-  8  10 

10  58 

o  00 

o  04* 


31  09 

17  59 

651 

28  16 

1834 


8  C7 
12  31 

19  25 

20  40 

15  " 


23  37 

1548 

9  52 

4  46 

13  31 

22  30 

48  43 

o  00 

-  3  30 

17  13* 


31  31 
24  03 
18  09 
20  05 

20  54 


56  II 
42  40 
5803 
69  16 

56  32 


24  18 
24  09 

32  00 
31  27 

22  59 


51  36 

53  07 
55  06 
53  26 

53  19 


45  35 


26  32 


ti-18. 
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Table  VI. — Harmonic  analysis  for  pretsure. 

BAROORAPH  READINGS,  DENVER,  COU).    SUMMARY,  1889-1891. 


January,  24.7216. 


February,  24.6004. 


March,  24.6625. 


April,  24.7490 


May,  24.7442 


Jane,  24.7211 


July,  24.8553. 


August,  24.8687 


September,  24.8326 


October,  24.8574 


NoTember,  24.8278. 


December,  24.7128 


Year. 


1890 

1891 

Mean .  • . 

1890 

1891 

Mean . . . 

1B90 

1891 

M^ftQ  • .  > 

1890 

1891 

Mean . . . 

1890 

1891 

Mean . . . 

1890 

1891 

Mean . . . 

1890 

1891 

Mean . . . 

1890 

1891 

Mean . . . 

1889 

1890 

1891 

Mean . . . 

1889 

1890 

1891 

Mean ... 

1889 

1890 

1891 

Mean . . . 

1889 

1890 

1891 

Mean . . . 


•  0065 
•0045 

•0055 


.0270 
.0053 

.0161 


.0195 
.0102 

.0178 


.0258 
.0209 

.0233 


.0361 
.0261 

•  031 1 


.0403 
.0332 

.0367 


.0220 

.0225 
.0223 


.0127 
.0115 

.0X21 


.0295 
.0240 
.0261 

.0265 


.030I 
.0230 
.0271 

.0234 


.0116 
.0132 
.0120 

.0123 


.0116 
.0120 
.0132 

.0123 


P4 


0172 

OI49 
0160 


.0078 
.0038 


•0053 
.0052 

•  0QS2 


Ml 


O   / 

77  42 
70  29 

74  C5 


M« 


0193 

0134 
0163 


.0044 
.0025 

•0Q3* 


.0008 
.0024 

.0016 


40  18 
169  17 

B947 


0188 
0135 

016 1 


.0019 
>ooi9 

.0019 


.0006 
.0011 

.0008 


90  54 
27  36 

59  15 


0196 
0141 

0168 


.0030 
P0017 

.0023 


.0018 
.0009 

•  0013 


81  51 
43  ao 

62  35 


0141 
0157 

0149 


.0047 
.0026 

•  0036 


.0017 
.0008 

.0612 


66  41 

67  32 

67  o5 


0140 
0139 

OI39 


.0050 
.0044 

.0047 


.0011 
.0007 

•  0009 


75  57 
79  " 

77  34 


0119 
0121 

0120 


.0037 
0030 

.0033 


>0002 
.0007 

•  0004 


8047 
9855 

8951 


0152 
0153 

0152 


.0025 
•  0007 

.0016 


.0007 
.0014 

>00I0 


77  47* 
83  20 

80  33 


0(27 
0107 
0196 

0143 


.0010 
.0014 
.0014 

.C013 


.0019 
.0006 
.0012 


.0012 


81  52 

82  25 
84  07 

82  48 


0138 

0153 
0220 

0170 


.0042 
.0008 
.0042 

•0031 


.0021 
.0026 
.0016 

.0021 


8539 
68  09 

61  57 
71  55 


0126 
0127 
019a 

0148 


.0060 
.0016 
.0061 

•0045 


.0015 
.0021 
.0021 

.0019 


62  56 

5558 
16  06 

45  00 


0169 

0159 
0180 

.0159 


■  0052 
.0051 
.0061 

.0061 


.0045 
.0036 

.0(^ 

.0040 


5406 

5807 

30032 

137  36 


o     ^ 
42  35 
46  17 

44  ai 


Ms 


3948 
2931 

34  39 


34  37 


37  32 
42  03 


1332 
33  30 


48  49     103  o5 


44  32 


IQ5  00 


46  40  i  104  03 


41  33 
44  49 

43  " 


92  50 

90  00 

91  25 


43  39 
43  51 


94  14 
90  18 


43  45  I    92  16 


51  37 
47  30 

49  36 


102  13 
9642 

99  27 


46  12 
46  51 

46  31 


loi  58 
105  00 

103  29 


I 


38  32  '    63  46 

45  30  ;  no  19 

47  23  1   67  37 

43  48     80  34 


IH 


o    /  :  o    / 

27  oS  ,  57  16 

33  30  61 II 

30  18  59  13 


21  57  i  61 16 

47  17  '    85  IX 


7313 


6551 
7524 


39  47  I    23  31  !    70  37 


49  34 
51  19 

50  26 


71  53 
6243 

67  18 


43  45 
5036 

47  10 


65  14 

61   23 
63  18 


5503 
61  3P 

5816 


5854 
60  00 
52  OB 

5701 


35  21       19  28  I    53  54 

36  16  '    73  44  I    51  27 
39  44  I    36  20      55  58 


5346 


37  07  I    43  " 


30  06 
37  40 
42  15 

36  40 


18  54  I    48  37 


16  44 
.V  48 


63  19 
61  56 


22  49       57  57 


38  13 
40  08 

3857 
13546 


19  33 

30  00 

31  06 
26  54 


52  36 
60  00 
67  23 

60  00 
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Table  Vll. — Harmonic  anah/sU  for  pre$sure, 

BAROGRAPH  READINGS,  GREENWICH,  ENGLAND,  1854-1873. 


Month. 


Janoary... 
Ftbmrj  . 

Mtfch 

April 

fv 

June 

Jnly 

Angnst . . . . 

September 

October... 

MoTember 

December. 


Mean  for  20  years, 


Pi. 


0099 

0074 
0063 
0080 
0089 
0074 
0061 
0058 
0059 
0071 
0060 
0076 

.0072 


Ml- 


229 

124 

79 

92 

61 

124 

37 
250 
123 

"4 


P.. 


.0061 
.0098 
.0107 
.0102 
.0089 
.0066 
•  0083 
.0099 
.0109 
.0106 
.0069 
.0081 

.0094 


IH- 


o 

47 


56 
58 
60 

57 
53 

49 


154 


•0045 
.0035 

•  0015 
.0009 
.0018 
.0023 

•  0022 
.0016 
.0011 
.0028 
.0035 
.0046 

.0025 


/*». 


34 
39 
44 

lOI 

103 
107 

31 
30 
32 

33 
63 


P4. 


.0026 
.0011 
.0012 
.0010 

•  0009 

•  0009 
.0010 
.0011 
.0015 
.0009 
.0012 
.0027 

.0013 


^4- 


19 
40 
46 
56 
49 
44 
35 

45 
66 

62 


51 


Mean 

pressare 

P. 


29.729 

29' 83a 
29.722 

29.804 

29*  777 
29.829 

29.809 

29-799 
29.787 

29.720 

29-763 
29.791 

29.780 


NoTv.— The  mean  Talues  of  /«!  are  of  doabtfbl  accuracy,  particularly  for  the  months  of  January 
and  NoTember. 

THE  FIRST  THREE  COMPONENTS. 

The  phase  of  the  first  component  exhibits  a  considerable  degree  of 
regularity.  For  85  stations  cited  by  Hann  the  maximum  of  the  first 
component  occurred  at  61  between  4  a.  m.  and  8  a.  m.,  and  at  35 
between  4  a.  m.  and  6  a.  m.,  coinciding  therefore,  approximately,  with 
the  time  of  minimum  temperature.  For  the  6  American  stations 
tabulated  above,  excluding  Denver,  the  extreme  limits  for  the  means 
are  3.48  a.  m.  and  8.40  a.  m.  If  Chicago  is  omitted  the  upper  limit 
reduces  to  8  a.  m.  All  the  stations  show  a  marked  progression  of  the 
phase  from  winter  to  summer,  possibly  due  to  the  forward  motion  of 
the  epoch  of  maximum  temperature.  Undoubtedly  the  unsymmetri- 
cal  form  of  the  daily  temperature  curve  and  the  approach  and  reces- 
sion of  its  maximum  and  minimum  have  a  powerful  effect  on  the 
phase  of  the  first  barometric  component.  Great  irregularities  in  the 
phase  occur  only  in  the  winter  months,  when  there  is  a  decided  ten- 
dency to  a  retrogression  as  far  as  midnight.  The  greatest  deviation 
from  the  normal  was  in  Denver  in  December,  1891,  when  the  maxi- 
mum occurred  at  8  p.  m.  The  twenty-year  series  for  Greenwich  show 
a  much  greater  variation  than  those  for  the  American  stiitions, 
together  with  a  retrogression  of  the  phase  in  summer  instead  of  a 
progression. 

It  is  suggested  by  Hann  that  the  first  component  may  be  in  reality 
made  up  of  two  portions,  one  universal  and  resembling  in  this  respect 
the  second  component,  the  other  local.  It  should  be  possible  to  set- 
tle this  question  by  a  comparison  of  observations  from  a  number  of 
neighboring  stations  with  as  different  local  conditions  as  possible. 

A  comparison  of  the  tables  for  Boston,  New  York,  and  Phila- 
delphia furnishes  interesting  results  in  regard  to  the  amplitude  of 
the  first  component.  The  months  of  October,  1889,  1890,  and  1891 
show  an  amplitude  much  below  the  normal,  preceded  by  a  similar 
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depression  in  August  of  1890  and  September  of  1889.  The  depres- 
sion continued  in  1889  and  1890  through  November,  and  in  1890 
through  December,  and  January  of  1891.  In  the  latter  month  it 
extended  to  Ne^  York  and  Philadelphia,  and  in  February  it  had  dis- 
appeared in  all  three  cities.  The  remaining  components  were  not 
affected  during  this  time.  A  study  of  the  local  influences  producing 
so  considerable  an  effect  would  certainly  repay  the  labor  spent.  It  is 
from  an  examination  of  such  abnormalities  that  the  true  causes  of 
the  normal  phenomenon  can  be  best  determined. 

The  mean  yearly  amplitudes  of  the  first  component  for  the  six 
American  stations  are :  Boston,  .0128;  New  York,  .0165 ;  Philadel- 
phia, .0178;  Chicago,  .0157;  Saint  Louis,  .0259;  and  Denver,  .0200, 
increasing  on  the  whole,  as  is  seen,  toward  the  interior  of  the  conti- 
nent. These  amplitudes  are  remarkably  larger  than  those  for  Euro- 
pean stations:  Greenwich,  .0072;  Paris,  .0070;  Leipzig,  .0060; 
Vienna,  .0081 ;  Geneva,  .0100,  and  approach  the  values  characteristic 
of  mountain  regions. 

Of  the  six  American  stations  (excluding  Denver  on  account  of  its 
elevation  and  surroundings),  Saint  Louis  exhibits  the  greatest  regu- 
larity, and  Boston  the  greatest  irregularity  in  respect  to  the  ampli- 
tude of  the  first  component.  Boston,  in  fact,  seems  to  be  a  border 
city,  and  it  would  be  of  great  value  to  compare  its  first  component 
for  a  series  of  years  with  that  of  Saint  John  or  of  Halifax. 

The  mean  yearly  range  of  the  time  of  first  maximum  and  the  mean 
amplitude  of  the  second  component  for  each  of  the  six  stations  and  for 
Greenwich  are  given  in  the  following  table,  the  hours  being  all  a.  m. : 


Table  VIII. — Mean  annttaJ  amplitude  and  epoch  of  first  component. 


station. 


Boston 

New  York  ... 
Philadelphia 

Chicago 

Saint  LoQis.. 
Denver 


tH 


Hourt. 
8.40  to   9.40 
9.30  to  10.12 

■9.24  to  10. 13 

9.12  to  10.24 
9.28  to  XO.16 
8.56  to  9.56 


Greenwich ■ t     9.48  to  10.40 


Pt 


.0128 
.0150 
.0166 
.0116 
.0154 
•015s 
•0094 


The  mean  first  maximum  accordingly  varies  by  almost  exactly  an 
hour  in  the  course  of  the  year  for  all  the  seven  localities  in  entirely  dif- 
ferent situations  and  with  considerable  difference  in  climate ;  and  the 
same  regularity  occurs  in  fact  everywhere.  As  in  the  case  of  the  first 
component  the  amplitude  for  Greenwich  is  much  less  than  that  for 
the  American  stations.  This  is,  however,  here  due,  in  part,  to  the  fact 
that  the  amplitude  of  the  second  component  diminishes  as  the  lati- 
tude increases  over  the  whole  earth.  For  Vienna,  3°  south  of  Green- 
wich, the  amplitude  is  ,0122. 
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The  following  table  shows  the  monthly  means  of  the  amplitude  for 
the  six  stations : 

« 

Tabi.k  IX. — Mean  monthly  amplitude  of  first  component. 


SUtion. 


. 

• 

>k 

>« 

h 

u 

qf 

• 

ee 

JJ 

U3 

o 

1^ 

O 

£ 

s 

Boston oiii 

New  York .'OiSs 

Philadelphia 0191 

Chieaflo 0135 

Saint  Loaifl 01A9 

iMnrer .0160 


Mean 0155  .0155 


.0107 

•  0180 
.0181 

•  0123 

•0175 
.0163 


Mean  omitting  Boston  ..  .0164 


0164 


.0124 
.0157 
.0181 
.0127 
.oihS 
.0161 

.0156 

■  0163 


ril 

• 

0. 

es 

< 

s 

.0131 

.0141 

.0170 

•0154 

.0163 

.0178 

.0119 

.0107 

.0163 

•  0132 

.0168 

.0149 

•0155 

.0141 

.0160 

.0141 

0 

c 

•-9 


SB 

I 


s 

o 


o 


► 
o 


6 


.0111 

•  0103 

.0119 

.0117 

.0142 

.0125 

.0114 

.0192 

.0132 

•0x33 

.0139 

■  oiao 

.0x26 

.0115 

.0129 

.01x7 

.01X5 
.01x8 
.0141 
.0109 
.0x50 
.0152 

.0x31 

.0x34 


■  0136  I '0X52 

.0146  ,.0146 
.0158  .0175 
.0x^1  '.0x14 
.0x60  1 .0x58 
.0143  1.0170 


.0162 
.0150 
■  0x76 
.0x04 
.0140 
.0x48 


0x46  [.0x53  .0x47 


0148 


0x53 


0x43 


.0x47 

.0x62 
.0176 
.0x17 
.0162 

.0x59 
•  0x54 
.0x53 


The  winter  maximum  and  summer  minimum  discovered  by  Hann, 
and  attributed  by  him  to  the  earth's  perihelion  and  aphelion,  appear 
clearly  in  each  of  the  cases  as  well  as  in  the  mean.  The  maxima  at 
the  equinoxes  are  also  distinguishable,  but  are  confused  in  the  spring 
with  the  winter  maximum.  A  mean  is  given  at  the  foot  of  the  table 
for  five  of  the  stations,  Boston  being  excluded  on  account  of  the  ab- 
normal character  of  the  amplitude  for  the  first  three  months  of  1889, 
when  it  sunk  to  ^-^^  of  i^s  normal  value.  So  great  an  irregularity 
does  not  occur  at  any  other  of  the  six  stations,  not  even  at  Denver, 
where  the  first  component  has  an  amplitude  ranging  from  .005  to  .037. 
The  exceptional  character  of  the  barometric  oscillation  at  Boston 
deserves,  as  already  stated,  a  special  investigation.  It  will  be  noticed 
in  Table  I  that  in  the  month  referred  to  above  the  amplitudes  of  the 
second,  third,  and  fourth  components  were  all  greatly  reduced  below 
the  normal,  and  that  none  of  these  components  were  affected  at  New 
York. 

The  regular  and  universal  march  of  the  amplitude  of  the  third  com- 
ponent is  shown  in  the  following  table : 

Table  X. — Mean  monthly  amplitude  of  the  third  component. 


Station. 


0 

9 


• 

. 

ber. 

ji 

• 

8 

1 

March. 

April. 

■ 

es 

c 

0 

•-> 

• 

Angnst 

Septeni 

3i 

o 

5 

S 

o 

a 

9 


fiotton '0055 

New  York 1. 0079 

Philadelphia '.  0079 

ChicRffo .0062 

Stint  Lonia '.0070 

DenTer 1 .  0058 

Oreenwich !-<XHS 

Calcutta ;>oo77 

Melbonrne '.ooy> 


.0042 

.0017 

.00x6 

.0020 

.0027 

.0018 

.0018 

.0006 

•  0026 

.0052 

.0039 

.0018 

.0017 

.0028 

•  0030 

.0023 

•  00x5 

.00x4 

•  0028 

.0043 

•0045 

.0015 

.0019 

.002t 
.0026 

.0026 

.002X 

.00x8 

.00x0 

.0028 

.0057 

•0043 

.00x2 

•  0010 

.0028 

•002X  .0010 

.ooxx 

.0022 

.0048 

•0057 

.0015 

.00x8 

•  0028 

•  0029 

.0024 

.0017 

•  0009 

•  0036 

.0058 

.0034 

•  0019 

.0023 

.0036 

.0047 

.0033 

.0016 

•  0013 

•  0031 

•0045 

.0035  .0015 

.0009 

.00x8 

.0023 

.0022 

.00x6 

.OOIX 

.0028  .0035  1 

•  0055  .0020 

.0026  .0009 

.0019 

•  OO4X 

•0038 

.0035  *.0032 

.0007 

•  0030 

.0052 

.0028 

.0055 

•OQ59 

.0054  i-0053 

•  0030 

.0002  .0030 

1 

.0074 
.0065 
.0069 
.0071 

.0074 

.oo6x 
.0046 
.0073 
•  0040 


In  the  northern  hemisphere  a  large  maximum  occurs  in  December- 
January  and  a  smaller  one  in  May-June,  while  the  reverse  is  the  case 
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in  the  southern.  In  all  cases  a  strongly  marked  minimum  occurs  at 
each  equinox.  The  amplitudes  of  the  several  stations  show  a  most 
remarkable  agreement,  greater  than  that  for  the  second  component. 
A  similar  uniformity  of  phase  appears  in  the  annexed  table  for  the 
first  maximum  (the  hour  is  reckoned  from  local  midnight). 

Table  XT. — Epoch  of  the  first  maximum  of  third  component. 


Station. 


• 

■ 

>k 

>.» 

h 

kl 

08 

. 

«s 

71 

A 

o 

• 

a 

^ 

ij 

u 

ct 

4) 

oC 

O. 

"i 

CE4 

S 

< 

OS 


Hrs. 

Boston 1.40 

New  York ,  1.49 

Philadelphia I  2. 16 

ChicASO I  1.59 

SaintLouis '  2.33 

Denver '  2. 01 

Greenwich 2.16 


Hrs. 

Hrs. 

1-38 

1. 10 

2.15 
2.16 

1.41 
1. 16 

2.17 

2-22 

2.20 

3.20 

2.18 
2.36 

1-34 
2.56 

Hrs. 

5*22 

6.37 
5-36 
4- 08 

5-04 

6.57 
6.56 


Hrs. 
6.06 

7- 13 
6.46 
6.31 
6.30 
6.06 
6.32 


e 


Hrs. 

6.04 
6.14 
6.22 

6.45 
6.48 
6.09 
6.44 


n 

9 


5 
S 


Hrs. 

5-22 

6.34 
7.16 

7.04 

6.05 
6.3§ 
6.52 


< 

CO 

Hrs. 

Hrs. 

6.09 

T.29 

6.32 

1.42 

5- 5a 

3-19 

5- 40 

3-45 

5-33 

2.26 

6-54 

5-22 

7.08 

2.04 

o 


Hrs. 
[•16 
1-23 

1-43 
2.00 
2.04 

2-53 
2.00 


.8 

B 
9 

> 
o 

z. 


B 


Hrs. 
1.40 

36 
S3 
53 
II 

31 
2.06 


Hrs. 
1.4S 

1.5S 
2.16 

2.13 
3.02 
1.4s 
2.13 


It  is  seen  at  once  that  the  epoch  of  the  maximum  is  nearly  constant 
between  the  equinoxes,  but  changes  at  the  latter  abruptly.  The  means 
for  each  station  from  October  to  February  and  from  April  to  August 
are: 

Table  XII. — Means  from  October  to  Febnuiry  and  Api-il  to  August. 


Station. 


Boston...... 

New  York... 
Philadelphia 

Chicago 

Saint  Louis.. 

Denver 

Greenwich  .. 

Mean.. 


Oct.  to  Feb. 

Apr.  to  Aug. 

Difference 

Hrs. 

Hrs. 

Hr». 

1.36 

5- 48 

4. 13 

1.48 

6.38 

3-50 

2.05 

6.24 

4.19 

2.04 

6.01 

3-57 

2.12 

6.00 

3-48 

2.08 

6-33 

4- 25 

2.14 

6.50 

4.36 

2.01 

6.17 

4.16 

It  appears  that  the  third  component  with  its  period  of  eight  hours 
changes  its  phase  for  all  stations  by  almost  exactly  four  hours  at  each 
equinox,  in  other  words,  that  its  phase  is  exactly  reversed  at  these  two 
points.  In  view  of  these  facts  it  seems  established  that  the  third  com- 
ponent is  a  direct  result  of  the  annual  motion  in  latitude  of  the  sun ; 
that,  representing  this  cause,  it  is  complementary  to  the  second  com- 
ponent, the  two  together  furnishing  nearly  the  whole  of  that  portion 
of  the  barometric  oscillation  which  is  due  to  universal,  as  distin- 
guished from  local,  causes.  The  minima  in  the  amplitude  of  the 
third  component  are  evidently  unreal.  They  appear  in  the  monthly 
averages  only  on  account  of  the  reversal  of  phase,  which  must,  of 
course,  produce  precisely  this  effect.  In  reality,  the  amplitude  has  one 
maximum  in  winter  and  one  minimum  in  summer. 

The  determination  of  an  adequate  physical  cause  for  the  fourth 
component  is  a  matter  of  much  greater  difficulty.  Nevertheless,  its 
amplitude  and  phase  show  a  great  uniformity.      The  amplitude  is 
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always  a  maximum  in  winter  and  diminishes  rapidly  to  a  fairly  con- 
stant value,  often  approaching  the  vanishing  point  in  summer.  Its 
mean  ratio  to  the  amplitude  of  the  second  component  is  as  follows, 
(yearly  means):  Boston,  12:31;  New  York,  15:33;  Philadelphia, 
14 :  34 ;  Chicago,  14 :  30 ;  Saint  Louis,  18 :  36 ;  Denver,  18 :  35 ;  Green- 
wich, 13 :  25,  i.  e^  about  1 :  2.  The  epoch  of  the  first  (or  second)  max- 
imum from  month  to  month  is : 

Table  XIII. — Epoch  of  the  first  maximum. 


BtaiioD. 


• 

January. 

% 

fa 

• 

• 

u 

< 

m 

OS 

June. 

H3 

a 
■*» 

OB 

d 
to 

s 
< 

Septembe 

October. 

o 

a 


,  HrB. 

Boston '  3. 36 

New  York 3. 55 

Philadelphia 4.01 

Chicago 4.06 

Saint  Louis 4.22 

pen'":-. 3-57 

Gri»enir!ch 4. 16 


Bts, 

Htb. 

Hrs, 

Hr9. 

Hn, 

Hrs. 

Hn, 

Hrs. 

Hr9. 

Ht9. 

5-" 

6.44 

7-41 

7.21 

6.28 

6.52 

6.16 

7.06 

7.25     4-02 

5-25 

6.47 

6.45 

7.17 

7-35 

7.29 

3-55 

7'35 

4.26     4.14 

4-21 

7.02 

8.19 

6-39 

5- 18 

6.19  1  7-57 

7' 58 

8. 30     4. 00 

6.13 

7.12 

7-13 

6.10 

5-30 

5-32 

6.29 

6.13 

6.05     4.17 

5' 10 

5-52 

6.27 

5-29 

5-47 

4-51 

4-03 

4.54 

4.19 

4. 18 

4-53 

4.42 

3-22 

4.29 

3-09 

4-13 

3-53 

3-48 

3-35 

3-52 

5-44 

7.16 

7.40 

3-04 

3-44 

3.16 

2.56 

2.20 

3- 00 

4.24 

Hr9. 
3-49 


3- 
4- 
4- 
4- 
4< 


51 
01 

19 
21 

00 


4.08 


A  difficulty  is  experienced  here  in  determining  whether  the  epoch 
in  passing  from  month  to  month  has  gone  forward  or  backward. 
This  can  only  be  met  by  calculation  for  shorter  periods  of  time.  The 
uncertainty  is  very  considerable.  For  example,  in  case  of  several 
of  the  stations  it  is  impossible  to  decide  at  what  point  in  the  fall 
the  epoch  returns  to  the  first  quadrant,  or  whether  it  returns  at  all. 

DISTRIBUTION  OF  BAROMETRIC  PRESSURE  AT  NEW  YORK,  N.  Y. 

Table  XIV  shows  the  distribution  of  the  barometric  pressure  for 
every  .05  inch  for  every  month  from  April,  1888,  to  December,  1891, 
at  New  York,  together  with  the  &  'priori  distribution  as  deduced  from 

the  probability  curve  2/= — =<? 
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LETTER    OF   TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Weather  Bureau, 
Washington^  D,  C,  December  22,  1892. 
Sir  :  I  have  the  honor  to  transmit  herewith  a  report  of  the  first 
annual  meeting  of  the  American  Association  of  State  Weather  Ser- 
vices co-operating  with  the  Weather  Bureau,  U.  S.  Department  of 
Agriculture,  which  was  held  at  Rochester,  New  York,  August  15  and 
16,  1892. 

As  the  chief  object  of  the  organization  of  the  State  Weather  Ser- 
vices has  been  to  increase  the  usefulness  of  the  work  of  the  Weather 
Bureau,  and  as  there  is  so  much  in  the  report  bearing  directly  upon 
the  distribution  of  weather  forecasts  for  the  benefit  of  the  people,  I 
recommend  that  this  report  be  published  as  a  bulletin  of  this  Bureau. 

Very  respectfully, 

Mark  W.  Harrington, 

Chief  of  Weather  Bureaum 
Hon.  J.  M.  Rusk, 

Secretary  of  Agriculture, 

8 


1 


LETTER  OF  SUBMITTAL. 


American  Association  of 

State  Weather  Services, 
Washington,  D,  C,  December  20,  1892. 

Sir  :  I  have  the  honor  to  submit  herewith  a  report  of  the  meeting 
of  the  American  Association  of  State  Weather  Services  co-operating 
with  the  Weather  Bureau,  U.  S.  Department  of  Agriculture,  which 
was  held  at  Rochester,  New  York,  August  15  and  16,  1892.  The  re- 
port has  been  prepared  in  accordance  with  your  suggestions,  with  a 
view  to  its  publication  as  a  bulletin  of  the  Weather  Bureau. 

Very  respectfully, 

•H.  H.  C.  DUNWOODY, 

President. 
Mark  W.  Harrington, 

Chief  of  Weather  Bureau, 
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LETTER    OF   TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Weather  Bureau, 
Washington^  D,  C,  December  22,  1892. 
8iB :  I  have  the  honor  to  transmit  herewith  a  report  of  the  first 
annual  meeting  of  the  American  Association  of  State  Weather  Ser- 
vices co-operating  with  the  Weather  Bureau,  U.  S.  Department  of 
Agriculture,  which  was  held  at  Rochester,  New  York,  August  15  and 
16,  1892. 

As  the  chief  object  of  the  organization  of  the  State  Weather  Ser- 
vices has  been  to  increase  the  usefulness  of  the  work  of  the  Weather 
Bureau,  and  as  there  is  so  much  in  the  report  bearing  directly  upon 
the  distribution  of  weather  forecasts  for  the  benefit  of  the  people,  I 
recommend  that  this  report  be  published  as  a  bulletin  of  this  Bureau. 

Very  respectfully, 

Mark  W.  Harrington, 

Chief  of  Weather  Bureau^ 
Hon.  J.  M.  Rusk, 

Secretary  of  AgrictUture, 

8 


LETTER  OF  SUBMITTAL. 


American  Association  op 

State  Weather  Services, 
Washington,  D,  C,  December  20,  1892. 

Sir:  I  have  the  honor  to  submit  herewith  a  report  of  the  meeting 
of  the  American  Association  of  State  Weather  Services  co-operating 
with  the  Weather  Bureau,.  U.  S.  Department  of  Agriculture,  which 
was  held  at  Rochester,  New  York,  August  15  and  16,  1892.  The  re- 
port has  been  prepared  in  accordance  with  your  suggestions,  with  a 
view  to  its  publication  as  a  bulletin  of  the  Weather  Bureau. 

Very  respectfully, 

•H.  H.  C.  DUNWOODY, 

PresidenL 
Mark  W.  Harrington, 

Chief  of  Weather  Bureau. 
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being  dependent  upon  well-defined  positions,  and  not  upon  colors, 
they  may  be  read  in  all  weather  and  at  comparatively  long  distance^*. 

It  was  claimed  for  this  system  that  it  is  simple,  durable,  and  costs 
only  about  1 10,  which  is  about  the  cost  of  a  good  set  of  flags.  It  was 
thought  that  there  was  nothing  about  it  to  get  out  of  order,  and  the 
apparatus  would  last  about  six  years.  It  was  stated  that  in  a  test 
which  had  been  made  of  the  apparatus  it  was  found  that  the  vane 
would  not  conform  to  the  direction  of  the  wind  in  the  manner  of  a 
wind-vane,  but  that  that  feature  could  doubtless  be  remedied. 

Signals  made  of  tin  were  suggested,  and  it  was  reported  that  such 
signals  had  been  used  in  Ohio  for  over  a  year  and  are  now  in  as  good 
condition  as  when  they  were  put  up. 

The  throwing  up  of  colored  lights  by  means  of  bombs  was  also 
referred  to,  but  it  was  stated  that  they  had  been  formerly  tried  and 
had  not  proved  a  success. 

Reference  was  also  made  to  the  search  light  as  a  means  of  dissemi- 
nating forecasts  by  throwing  a  flash  or  beam  of  light  on  a  cloud  in 
the  sky,  and  in  fact  experiments  had  shown  that  such  a  flash  would 
be  visible  with  a  perfectly  clear  sky.  This  means  of  displaying 
weather  forecasts  was  regarded  as  very  interesting  and  likely  to 
prove  valuable,  and  it  was  stated  that  it  is  proposed  by  the  director 
of  the  experiment  station  in  Massachusetts  to  construct  an  electric 
search  light  by  means  of  which  forecasts  will  be  signaled. 

In  consideration  of  the  importance  of  the  subject  it  was  referred 
to  a  committee,  consisting  of  Messrs.  Conger,  Glenn,  and  Kerkam, 
with  instructions  to  consider  and  recommend  the  best  means  of  sig- 
naling weather  forecasts  by  displaymen,  and  to  submit  their  report 
to  the  president  of  the  association.  (For  report  of  committee  see 
Appendix  B.) 

EIGHTH    SUBJECT. 

Inspection  of  stations  of  voluntary  observers. 

The  proposition  to  inspect  voluntary  stations  was  most  heartily 
indorsed  by  all  the  gentlemen  who  participated  in  the  discussion  of 
the  subject,  and  the  opinion  wi\s  freely  expressed  that  periodical 
inspections  of  such  stations  by  a  representative  of  each  State 
weather  service  would  go  far  towards  improving  the  value  of  the 
observations  furnished  by  voluntary  observers,  and  to  greatly  en- 
hance the  popularity  of  State  weather  service  work.  The  association 
was  told  of  the  great  good  that  had  resulted  from  the  inspections  in 
a  few  States  where  they  have  been  made  to  a  greater  or  less  extent, 
how  the  flagging  interest  of  many  voluntary  observers  had  been 
revived  upon  meeting  the  director  or  assistant  director  and  receiving 
from  him  information  as  to  the  value  of  the  observations,  the  great 
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and  increasing  usefulness  of  State  weather  service  work  generally, 
and  being  carefully  instructed  as  to  the  details  of  his  work,  the 
proper  manner  of  setting  up  and  exposing  the  instruments,  etc.  It 
was  believed  that  the  interest  of  the  community  in  State  weather 
service  work  could  be  aroused  by  meeting  and  conversing  with  the 
prominent  citizens  and  editors  of  newspapers  at  the  stations,  and  by 
visiting  farmers'  institutes  and  distributing  weather  charts,  bulletins, 
and  reports,  and  explaining  the  same.  It  was  also  suggested  that  the 
information  which  could  be  obtained  by  the  inspector  relative  to  the 
elevation  of  stations,  the  topography  of  the  country,  the  character  of 
the  soil,  the  best  means  of  communication  by  wire  and  rail,  etc., 
would  be  of  much  value  to  the  State  and  National  services.  It  was 
thought  that  the  Weather  Bureau  might  grant  its  observers,  detailed 
upon  State  weather  service  work,  thirty  days  annually  for  the  pur- 
pose of  inspecting  the  voluntary  stations,  together  with  a  pecuniary 
allowance  sufficient  to  defray  the  necessary  expenses. 

A  motion  was  submitted  and  carried,  expressing  the  opinion  of  the 
association  that  an  inspection  of  the  voluntary  stations  should  be 
made  annually  under  the  direction  of  the  Chief  of  the  Weather  Bu- 
reau, it  being  the  opinion  of  the  association  that  such  inspections 
would  result  in  great  advantage  to  the  State  and  National  services. 

At  12  o'clock  noon  the  association  adjourned  until  8  p.  m. 


After  the   noon  recess  the   following   subject  was    presented   for 
discussion : 

NINTH    SUBJECT. 

The  relation  of  State  weather  services  to  agricultural  colleges  and  experi- 

vient  stations. 

As  an  introduction  of  this  subject  for  discussion  Professor  Har- 
rington stated  that  it  was  one  of  very  great  interest  to  the  central 
office  at  Washington.  It  had  frequently  been  suggested  that  the 
State  weather  service  centers  should  be  located  at  the  experiment 
stations  or  agricultural  colleges,  it  being  claimed  that  such  action 
would  result  in  advantage  both  to  the  agricultural  interests  and  to 
the  State  weather  services.  It  has  also  been  alleged  that  as  most  of 
our  observations  are  taken  on  the  tops  of  high  buildings  they  are  not 
suitable  for  agricultural  purposes.  On  the  other  hand  it  is  affirmed 
that  the  great  meteorological  map  and  forecast  work  could  not  be 
carried  on  at  the  experiment  stations  and  colleges,  as  they  are  gen- 
erally situated  at  places  remote  from  the  necessary  facilities  for 
properly  conducting  the  work  which,  for  a  variety  of  reasons,  must 
be  done  at  the  large  centers.     The  question  has  had  to  be  considered 
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frequently,  and  more  light  is  desired  upon  it.  He  thought  there 
must  be  advantage  in  having  closer  relations  between  the  two 
branches  of  work,  but  he  was  not  quite  certain  as  to  what  those  rela- 
tions should  be,  and  would  be  glad  to  hear  suggestions.* 

Discussion  of  the  subject  developed  the  fact  that  the  State  weather 
services  are  cheerfully  co-operating  with  the  experiment  stations  and 
agricultural  colleges  in  furnishing  such  meteorological  and  crop  data 
as  is  desired,  and  in  recommending  the  furnishing  of  instruments  f<>r 
observation  at  those  places  wherever  the  services  of  an  ol)server  can 
be  procured.  The  data  collected  by  the  State  services  are  available 
for  the  use  of  the  agricultural  institutions,  and  the  directors  of  the 
two  branches  are  in  some  States  jointly  carrying  on  investigations 
involving  questions  relating  to  the  effect  of  weather  upon  crops.  It 
was  almost  the  unanimous  opinion,  however,  that  it  would  lie  im]>rac- 
ticable  to  locak)  the  central  stations  of  the  State  weather  services  at 
the  experiment  stations  or  agricultural  colleges,  mainly  owing  to  the 
lack,  at  nearly  all  such  places,  of  the  telegi'aph  and  mail  facilities 
necessary  for  the  collection  and  dissemination  of  the  information 
and  reports  in  time  to  be  of  practical  value  to  the  community. 

It  was  the  sense  of  the  association,  as  expressed  in  a  motion  which 
was  passed,  that  the  State  weather  services  should  co-operate  with  the 
agricultural  colleges  and  experiment  stations  in  the  collection  of 
meteorological  data  and  the  publication  of  the  same  with  mutual 
benefit  to  both  services. 

Exhibit  at  the  World's  Fair. 

This  subject  was  brought  before  the  association  in  order  to  ascer- 
tain what  preparation  is  being  made  looking  to  an  exhibit  of  State 
weather  service  work  at  the  Columbian  Exposition.  Professor  Har- 
rington stated  that  he  had  been  informed  that  the  space  in  the  build- 
ing to  be  occupied  by  the  Weather  Bureau  exhibit  will  be  so  limited 
that  it  is  thought  it  will  not  be  possible  to  provide  ■  space  for  special 
exhibits  of  the  various  Stiite  weather  services,  and  therefore  it  might 


*As  to  the  statement  that  the  observations  as  carried  on  at  our  central  stations — in 
the  centers  of  cities  and  on  the  tops  of  high  buildings — are  unsuitable  for  the  use  of 
agriculturists,  a  great  deal  may  be  said  in  palliation.  Cities,  as  such,  have  very  little 
effect  on  the  observations  taken  within  them,  an  effect  so  small  that  even  for  such  a  city 
as  London,  England,  scores  of  years  of  observation  are  necessary  to  bring  it  in  evidence 
in  the  means  of  the  important  meteorological  elements  of  temperature  and  rainfall. 
The  covering  of  smoke  has  a  well  marked  effect  on  the  extremes  of  temperature,  but 
this  being  once  learned  the  forecast  official  can  predict  frosts  from  the  city  as  well  as 
from  the  country.  The  elevation  has  an  effect  on  temperature  and  velocity  of  the  wind, 
but  this  can  be  determined  and  allowed  for.  Recent  studies  show  that  the  catch  of 
rainfall  is  not  sensitive  to  moderate  elevations,  but  is  very  sensitive  to  wind-breaks  and 
eddies.  A  roof  exposure  for  a  rain-gauge  may,  if  properly  chosen,  be  better  than  one 
on  the  ground  in  a  court,  or  among  bushes  or  trees. — M.  W.  H. 
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bo  well  for  each  State  service  t<>  have  a  full  and  complete  display- 
in  the  State  building. 

While  no  definite  plan  was  suggested  as  to  what  should  constitute 
the  exhibits,  it  was  evident  from  the  remarks  of  the  gentlemen  that 
the  plan  contemplated  by  those  who  have  already  commenced  the 
preparation  of  the  exhibits  is  to  display  carefully  constructed  charts 
of  each  of  the  more  important  meteorological  elements  in  such  man- 
ner as  to  graphically  present  the  climatology  of  each  State;  charts 
showing  the  location  and  character  of  the  various  State  weather  ser- 
vice stations,  such  as  voluntary  meteorological  stations,  weather  sig- 
nal display  stations,  frost  and  cold-w^ave  warning  stations,  etc.,  while 
the  crop  bulletin  work  will  be  illustrated  in  an  appropriate  manner. 

No  formal  resolution  w^as  offered  expressing  tiie  sentiment  of  the 
association  on  the  matter,  still  it  was  clearly  the  desire  of  the  mem- 
bers that  each  State  service  should  arrange  for  as  creditable  an 
exhibit  as  possible,  and  that  such  exhibit  be  located  in  the  State 
building. 

As  no  other  general  subject  was  suggested  for  discussion  it  was 
decided  to  proceed  to  the  election  of  gentlemen  proposed  for  active 
or  honorary  membership  of  the  association. 

Election  of  Active  Members. 

Messrs.  E.  T.  Turner  and  \V.  O.  Kerr,  of  the  New  York  Weather 
Service,  and  Mr.  E.  H.  Nimmo,  of  the  Michigan  Weather  Service, 
were  proposed  and  elected  to  active  membership. 

Election  of  Honorary  Members. 

A  motion  was  unanimously  passed  by  the  association  providing  for 
the  election  of  all  active  voluntary  observers  of  the  varioiLS  State  and 
Territorial  weather  services  as  honorary  members  of  the  association, 
and  that  such  members  be  notified  of  their  election  by  the  director 
or  assistant  director  of  each  State  weather  servic(^ 

The  following  were  also  proposed  and  elected  as  honorary  mem- 
bers: Mr.  Edwin  F.  Smith,  secretary  California  State  Agricultural 
S<jciety,  Sacramento,  Cal.;  Mr.  Richard  V.  Gaines,  Mossingford,  Va. ; 
Prof.  R.  Ellsworth  Call,  Des  Moines,  Iowa;  Mr.  Charles  >I.  Nauck, 
Deputy  Commissioner  Arkansas  Bureau  of  Miners,  Manufacture,  and 
Agriculture,  Little  Rock,  Ark.;  Prof.  W.  H.  Niles,  Institute  of  Tech- 
nology, Boston,  Mass. ;  Prof.  G.  H.  Whitcher,  member  of  the  Board 
of  Governors,  New  Hampshire  Agricultural  P]xperiment  Station,  Han- 
over, N.  H. ;  Mr.  H.  G.  Reynolds,  secretary  State  Board  of  Agriculture, 
Agricultural  College,  Mich. ;  Mr.  H.  F.  Alciatore,  Weather  Bureau, 
Portland,  Oregon ;  Prof.  Louis  McLouth,  president  South  Dakota  Agri- 
cultural College,  Brookings,  S.  Dak.;  Mr.  C.  F.  Schneider,  Weather 
Bureau,  Detroit,  Mich.;  and  Prof.  A.  L.  McRae,  Rolla,  Mo. 


22  REPORT   OF    AMERICAN    ASSOCIATION 

Votes  of  thanks  were  extended  to  the  temporary  chairman  and 
president  of  the  association  for  the  courteous  and  able  manner  in 
which  they  had  presided  over  the  proceedings  of  the  meeting,  to  the 
American  Association  for  the  Advancement  of  Science,  and  to  the 
officials  of  the  University  of  Rochester  for  the  courtesies  extended  to 
the  members  of  the  association  during  their  stay  in  the  city. 

There  being  no  further  business  before  the  association  a  motion 
was  made  that  the  association  adjourn  sine  die. 

The  president  desired,  before  putting  the  motion,  to  congratulate 
the  members  upon  the  very  successful  meeting.  He  believed  that 
each  member  w^ould  return  to  his  post  of  duty  better  able  to  carry  on 
the  work  of  his  State  service  than  he  was  before  the  meeting.  In  his 
opinion  the  National  service  would  be  benefited,  and  the  people 
of  the  country  receive  substantial  benefits  from  this  feature  of 
scientific  investigation  to  be  carried  on  in  connection  with  the 
American  Association  for  the  Advancement  of  Science.  He  thought 
that  before  adjourning  the  members  would  be  glad  to  hear  from  Pro- 
fessor Harrington. 

Replying  to  this  call.  Professor  Harrington  stated  that  the  presi- 
dent had  said  so  much  and  so  well  that  very  little  remained  for  him  to 
say.  He  had  been  very  much  gratified  with  this  meeting.  It  had  been 
an  experiment,  having  been  suggested  by  the  Secretary  of  the  Asso- 
ciation, and  he  himself  had  thought  that  there  ought  to  be  some  means 
of  bringing  the  State  weather  services  closer  together,  yet  it  was  with 
some  hesitation  that  he  had  consented  to  call  such  a  meeting.  He 
had  also  some  hesitation  in  calling  the  meeting  in  connection  with  the 
American  Association,  as  he  did  not  know  whether  it  would  be  agree- 
able to  the  directors,  but  all  doubt  on  these  points  had  been  removed 
since  the  meeting  of  this  association.  He  thought  the  meeting  had  been 
a  decided  success,  and  that  the  benefits  of  it  would  be  felt,  not  only  by 
the  State  services,  but  by  the  National  service.  He  believed  that  all 
had  been  interested  and  instructed  by  the  discussion  which  had  been 
carried  on,  and  he  trusted  that  the  representatives  would  return  to 
their  work  with  renewed  energy  and  prospects  of  increased  success, 
and  that  the  State  weather  services  would  continue  to  grow  in  use- 
fulness. 

The  association  then,  at  6  o'clock  p.  m.,  adjourned  sine  die. 
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APPENDIX    A. 


REPORT  OF  COMMITTEE  ON  INSTRUMENT  SHELTER. 

November  5,  1892. 
To  Major  H.  H.  C.  Dunwoody, 

President  American  AsBociation  of 

State  Weather  Services,  Washington ,  D.  C: 

Sir:  Your  committee  appointed  to  consider  the  subject  of  the 
"most  suitable  instrument  shelter  and  manner  of  exposure  to  be 
generally  adopted  by  State  weather  services  "  have  the  honor  to  sub- 
mit the  following  report : 

We  have  considered,  first,  exposure,  with  a  view  to  securing  free 
open  air  readings ;  second,  such  a  shelter  as  will  properly  protect 
from  solar  and  terrestrial  radiations,  reflected  heat,  etc.,  and  still  not 
be  too  expensive  for  general  adoption. 

Difficulty  is  found  in  reconciling  the  opinions  of  different  members 
of  the  committee  into  a  unanimous  recommendation  as  to  any  par- 
ticular pattern  of  shelter  or  the  elevation  at  which  it  shall  be  exposed. 
Papers  by  Mr.  J.  Warren  Smith,  Mr.  B.  S.  Pague,  and  Prof.  H.  A. 
Hazen  are  forwarded  with  the  request  that  they  be  published  with 
the  report. 

The  papers  of  Messrs.  Smith  and  Pague  contain  plans  of  shelters 
which,  with  the  plan  proposed  further  on  in  this  report,  are  recom- 
mended for  test  by  the  Weather  Bureau  at  Washington,  D.  C,  one 
of  each  to  be  constructed  and  comparative  readings  made  at  eleva- 
tions varying  from  4  to  10  feet  over  sod  in  level,  open  field.  If  the 
shelter  proposed  by  Mr.  Smith,  or  the  one  by  Mr.  Pague,  shows  better 
results  than  the  one  herewith  suggested,  said  shelter  to  be  considered 
as  the  standard  in  place  of  the  one  now  recommended.  It  is  admitted 
by  all  that  a  standard  Weather  Bureau  shelter,  exposed  at  an  eleva- 
tion of  10  or  15  feet  over  sod,  will  give  a  true  temperature  reading, 
air  drainage  not  being  considered,  but  economy  in  construction  and 
covenience  in  gratuitous  readings  of  instruments  prompt  us  to  seek 
for  the  cheapest  and  simplest  construction  and  lowest  elevation  con- 
sistent with  accuracy.  If  your  committee  had  the  funds  to  construct 
patterns  of  the  several  shelters  herein  referred  to  and  time  and  oppor- 
tunity to  carefully  test  them,  they  would  ask  leave  to  hold  this  report 
until  after  such  test  could  be  made.  Probably  this  could  be  better 
done  aVthe  central  office,  where  some  competent  official  could  be  desig- 
nated to  give  his  whole  time  to  the  matter  for  a  considerable  period. 
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Nothing  can  be  said  in  favor  of  the  window  or  wall  shelter,  except 
that  it  can  be  cheaply  made.  Most  buildings  are  protected  by  trees 
or  other  buildings  which  obstruct  the  free  air  circulation ;  the  build- 
ing itself  is  always  a  potent  influence  in  restricting  air  currenta,  and 
in  establishing  local  temperatures  that  are  not  common  to  the  sur- 
rounding air.  Some  observers  are  using  the  wall  or  similar  shelters, 
and  for  want  of  funds  probably  no  immediate  change  can  be  made, 
but  as  opportunities  offer  the  standard  shelter  and  exposure  might 
be  substituted.  The  tree  exposure  should  not  be  thought  of,  for  at  one 
season  foliage  is  dense  and  at  another  there  is  none.  Even  with  a 
thick  covering  of  leaves  there  will  always  be  an  occasional  sun  ray  to 
pass  entirely  through.  If  the  instruments  are  not  protected  on  all 
sides  by  a  board  shelter,  some  of  these  penetrating  rays  will,  at  times, 
impinge  upon  it  and  vitiate  the  readings.  Hence,  just  as  complete  a 
shelter  will  be  here  needed  as  in  the  open  field,  and  the  only  agency 
of  the  tree  is  to  interfere  with  natural  ventilation. 

RECOMMENDATION. 

If  it  should  not  be  thought  practicable  by  the  Chief  of  the  Bureau 
to  direct  the  making  of  the  test  suggested,  then  your  committee,  with 
their  present  knowledge  of  the  subject,  respectfully  recommend  the 
adoption  of  a  modification  of  the  design  shown  on  page  22  of  "  In- 
structions for  Voluntary  Observers;"  that  the  inside  back  vertical 
measurements  be  26  inches  in  the  clear  and  the  base  a  rectangle  26 
X  18  inches;  that  it  be  exposed  over  sod  on  ground  as  nearly  level 
as  possible,  at  an  elevation  of  4^  feet  for  the  bottom  of  the  shelter, 
or  about  5^  feet  for  the  pins  supporting  thermometers. 

A  width  and  height  of  26  inches  will  allow  the  maximum  ther- 
mometer to  swing  with  an  inch  margin  all  around.  As  economy  is 
an  important  factor,  we  believe  that  the  depth  of  3  feet  in  the  present 
standard  shelter  can  be  reduced  to  18  inches  without  in  any  way 
impairing  the  accuracy  of  the  readings. 

This  will  give  room  for  the  maximum  and  minimum  thermometers 
and  for  the  dry  and  wet  bulb  instruments;  the  dry  and  wet  bulb,  of 
course,  to  be  placed  one  or  two  inches  back  of  the  plane  in  which  the 
maximum  swings.  As  few,  if  any,  voluntary  observers  use  the  whirl- 
ing psychrometer,  it  is  not  necessary  to  allow  space  for  that  purpose. 

The  immediate  effect  of  ground  radiation  at  night  and  reflection 
by  day  in  air  gently  in  motion,  is  inappreciable  at  an  elevation  of  4 
feet.  With  instruments  at  a  height  of  5i  feet  placed  at  least  50  feet 
from  trees  or  buildings  and  care  exercised  to  avoid  air  pockets  which 
may  collect  the  cold  air  by  drainage  from  higher  ground,  such  read- 
ings will  be  secured  as  will  be  of  the  greatest  value  to  climatological 
students,  to  the  agricultural  interests,  and  especially  will  they  be 
such  as  are  needed  by  local  forecast  officials  in  studying  local  county 
conditions  in  their  frost-warning  work. 
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Readings  can  be  taken  by  observers  standing  on  the  ground,  and  the 
instruments  will  be  in  the  line  of  vision  of  a  person  of  average  height. 

The  shelter  can  be  exposed  on  a  flat  roof  where  an  open  sod  expo- 
sure can  not  be  secured,  but  in  that  case  it  will  be  necessary  to  lay  a 
platform  20  feet  square,  and  to  have  shelter  at  the  same  elevation 
above  platform  as  provided  for  sod  exposure.  But  the  sod  exposure 
should  be  considered  as  the  standard.  In  fact  there  are  so  few  vol- 
untary observers  using  roof  exposure  that  it  is  hardly  worth  while  to 
consider  it. 

An  offer  is  in  the  hands  of  your  committee  from  a  sash  and  blind 
factory  of  Milwaukee,  Wis.,  to  manufacture  the  shelters  at  $6  apiece, 
boxed  and  delivered  on  cars.  By  having  several  State  services,  cov- 
ering contiguous  territory,  combine  in  their  purchase  of  shelters,  and 
order  from  a  factory  that  has  been  induced  to  make  a  low  price  in 
consideration  of  the  number  sold,  a  minimum  price  and  uniformity 
of  construction  will  be  secured.  It  was  by  representing  to  the  Mil- 
waukee firm  that  probably  Michigan,  Iowa,  Illinois,  Minnesota,  and 
the  Dakotas  would  order  from  them  that  this  rate  was  given.  They 
also  thought  that  if  orders  were  numerous  enough  to  justify  them  in 
getting  out  at  one  time  by  machinery  lumber  enough  for  25  or  50 
shelters  the  price  could  be  brought  down  to  »t4  each. 

Very  respectfully, 

W.  L.  Moore. 

J.  Warren  Smith. 

I  concur  in  this  report  with  the  exception  as  to  the  elevation  of 
the  bottom  of  the  shelter ;  4^  feet  is  entirely  too  low  an  elevation  for 
the  bottom  of  the  shelter ;  a  man  5  feet  10  inches  in  height  would 
have  to  stoop  over  to  read  the  thermometer.  A  box  or  clieap  step 
can  easily  be  secured  to  raise  the  oljserver  3  feet,  and  then  having 
the  bottom  of  the  shelter  7^  feet  above  the  ground  would  raise  the 
thermometer  to  about  8  feet  10  inches,  which  is  certiiinly  none  too 
low  to  escape  effect  of  radiation,  etc. ;  therefore,  substituting  7^  feet 
for  4^  feet  elevation  of  bottom  of  shelter,  I  concur  in  this  report. 

B.  S.  Pague. 


Paper  by  /.    Warren   Smith,  Director  Netv  England    Weather  Service, 

BoHton,  Mass. 

Fig.  1  shows  a  shelter  with  the  instruments  in  position  that,  if 
found  accurate  after  testing,  will  combine  cheapness  with  simplicity. 
For  ordinary  voluntary  observer  work  the  shelter  should  be  about  3 
feet  long  and  2  feet  wide  on  the  bottom,  with  the  sides  2  feet  in 
width.  Both  sides  and  ends  should  be  made  with  ordinary  lattice 
work.    The  side  posts  may  be  made  of  2  x  4  pieces,  and  should  go  to 
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the  top  of  the  shelter  to  give  it  strength.  The  lower  ends  of  these 
should  be  about  18  inches  below  the  shelter  and  fitted  with  holes  for 
bolting  to  posts  in  the  ground,  all  to  be  of  such  height  that  the  eye 
of  the  observer  will  come  on  a  level  with  the  thermometers  while 
standing  on  the  ground,  or  on  one  ste^)  above  the  ground.  The  piece 
running  across  to  support  the  thermometers  should  be  attached  to 
the  back  side  of  the  post«  so  as  to  bring  the  thermometers  nearly 
under  the  middle  of  the  shelter.  If  found  necessary  for  protection  a 
wire  netting  can  be  placed  for  the  bottom,  with  a  hinged  door  for  let- 
ting down,  or  a  wooden  lattice-work  bottom  may  be  put  in. 

Fig.  2  shows  a  front  view  of  one  side  piece  and  the  end  view  of  the 
shelter.  Unless  the  Chief  of  the  Bureau  can  see  serious  objections 
to  this  shelter,  I  recommend  that  it  be  thoroughly  test^xl. 

J.  Warren  Smith. 


Paper  of  Mr.  B.   S.  Pague,  Local   Foi'ecaH   Official,    Weather  fhireaiL^ 

Assistant  Director,  Oregon  Weather  Service. 

The  proper  exposure  of  thermometers  is  the  most  important  feature 
connected  with  State  weather  service  work.  Every  voluntary  station 
should  be  inspected,  and  all  thermometers  have  the  same  exposure 
throughout  the  United  States.  As  it  now  is  the  climatology'  of  the 
United  States  is  based  on  Weather  Bureau  observations,  which  do 
not  give  the  true  temperature  of  the  country,  but  rather  that  of 
the  city.  From  personal  experience  I  have  found  the  minimimi 
temperature  in  the  city  of  Portland,  Oregon,  to  be  from  2°  to  4° 
higher  than  the  minimum  temperature  surrounding  the  city.  Hence, 
we  must  first  select  the  location  for  the  instruments  and  then  deter- 
mine the  height  above  the  ground.  As  a  rule,  voluntary  observers  do 
not  use  roof  exposures,  hence  roof  exposures  need  not  be  considered. 

Sod  exposures  should  be  adopted.  There  should  be  as  free  and 
l>erfect  ventilation  as  possible.  The  thermometers  must  be  protected 
so  that  they  will  not  become  wet. 

It  sometimes  occurs  that  a  sod  exposure  cannot  be  had,  in  which 
case  it  would  be  well  to  adopt  an  exposure  on  the  north  side  of  a 
building.  In  selecting  locations  for  exposure  it  should  be  borne  in 
mind  that  positions  on  a  knoll,  at  the  foot  of  a  hill,  in  a  valley,  etc., 
prove  causes  of  inaccuracies.  The  position  should  be  such  as  to  have 
the  air  current  and  not  the  local  influences  which  are  potent  factors. 
The  shelter  itself  is  the  main  subject  for  consideration  in  this  report. 
The  standard  Weather  Bureau  shelter  answers  all  purposes,  but  for 
voluntary  observers  it  is  too  expensive ;  hence  a  suitable  one  should 
be  devised.  The  one  mentioned  at  the  Rochester  meeting  as  being 
used  by  several  voluntary  observers  in  Oregon  is  satisfactory,  cheap, 
and  answers  all  purposes.     It  consists  of  four  boards,  two  of  them  8 
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inches  wide  and  15  inches  long,  tlie  other  two  6  inches  wide  and  Jo 
inches  long.    When  put  together  it  appears  as  shown  in  Fig.  8. 

The  ends,  "  1,"  are  open,  "  2,  4,  and 
5"  are  perforated  with  auger  holes 
slanting  upwards,  and  "3,"  the  top,  is 
not  perforated,  but  is  a  plain  board. 
Open  it  appears  as  shown  in  Fig.  4. 

Number  "3"  (when  open)  is  used  as 
a   lid.      On  the   under   side  (top  side 
when  open)  a  rubber  band  is  stretched  across,  and  that  is  used  to 
slip  the  form  and  pencil  underneath,  having  them  both  always  con- 

venient.     Number  "2"  has  thermometers  at- 
/p'^^      c.-^^  /    tached. 


Fig.  3. 
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This  is  a  small,  but  convenient  and  inex- 
pensive shelter.  It  is  suitable  to  the  north 
side  of  a  building  or  a  tree  or  other  shaded 
exposure,  and  is  the  next  best  thing  to  a 
standard  shelter. 

For  the  standard  shelter  pattern  I  deem  it 
necessary  to  have  the  double  roof.  The  depth 
of  the  shelter  can  be  reduced  to  18  inches 
without  detriment.'  In  such  a  case  the  door 
should  open  on  the  north  side  and  the  ther- 
mometer should  be  placed  in  the  shelter  12 
^^'  ^'  inches  from  the  back ;  thus  allowing  farther 

distance  for  the  thermometers  from  the  continued  sunshine  on  the 
south  side  of  the  shelter.  The  bottom  should  be  made  solid,  i.  t.^ 
not  latticed  but  closely  nailed  boards.  The  height  of  the  shelter 
needs  careful  study.  In  Oregon,  when  possible,  the  shelter  is  12  feet 
above  the  sod.  This  may  be  rather  high,  but  before  the  height  is 
reduced  below  9  feet  most  careful  experiments  should  be  made. 
Lower  elevation  will  most  certainl}^  allow  of  inaccurate  effect  of 
radiation. 

In  connection  with  my  idea  on  this  subject,  I  attach  a  report  pre- 
pared, in  compliance  with  a  personal  request  of  mine,  by  Prof.  H.  A. 
Hazen,  Weather  Bureau,  by  direction  of  the  Chief  of  the  Weather 
Bureau,  to  whom  the  paper  of  Professor  Hazen  was  submitted  before 
being  forwarded  to  me.  Many  of  the  ideas  advanced  by  Professor 
Hazen  coincide  with  mine,  which  I  have  found  in  actual  work.  I 
would  recommend  that  the  paper  of  Professor  Hazen  be  published,  or 
80  much  of  it  as  meets  with  the  views  of  the  committee. 

B.  S.  Pague, 
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Paper  by  Prof,  H.  A.  Hazen  on  exposure  of  thermometers   by  voluntary 

observer  a. 

I  shall  not  consider  the  very  small  per  cent,  of  exposures  required 
for  the  college  or  amateur  observatory.  For  a  roof  exposure  or  one 
in  the  open  at  a  height  of  10  to  15  feet  above  sod,  the  present  stand- 
ard shelt<*r  can  not  be  improved  upon — it  certainly  should  not  be  any 
smaller. 

The  points  to  be  considered  are :  First,  accuracy ;  second,  con- 
venience; third,  expense. 

ACCURACY. 

I  am  inclined  to  think  that  very  erroneous  opinions  are  entertained 
in  England  and  on  the  continent  as  to  proper  methods  of  exposure. 
The  Stevenson  stand,  about  18  by  12  by  18  inches,  with  double 
louvers,  and  exposed  4  feet  above  sod,  would  give  in  our  latitudes 
ti'inj^rature  4°  to  5°  too  high  in  bright  sunshine.  This  has  been 
tf'sted.  The  reason  why  this  has  met  with  so  much  favor  abroad  is 
that  that  countrv  is  600  to  800  miles  farther  north  than  this  and  does 
not  have  the  insolation  that  we  have. 

An  examination  of  the  temperatures  observed  by  voluntary  ob- 
servers will  show  a  serious  lack  of  accordance  with  those  of  the  regular 
stations,  and  it  is  an  interesting  fact  that  with  but  few  exceptions 
thoy  are  higher.  This  is  accounted  for  from  the  fact  that  many  of 
these  thermometers  are  in  porches  or  in  summer  houses,  or  in  angles 
where  they  get  little  or  no  air  circulation.  At  Amherst,  Mass.,  there 
is  or  was  a  very  elaborate  and  close  low  house  built  at  great  expense. 
It  looked  handsome  but  was  totally  unsuited  for  its  purpose.  In  an- 
ntlier  case  the  voluntary  observer  placed  his  thermometer  in  an  un- 
used room  with  windows  open.  I  would  like  to  lay  down  a  few 
propositions  to  insure  accuracy  in  a  thermometer  exposure : 

First.  There  must  be  as  free  and  perfect  a  natural  ventilation  as 
possible. 

Second.  An  occasional  wetting  of  the  thermonieter  is  unobjection- 
able, and  this  should  not  be  guarded  against  to  the  detriment  of  (1). 

Third.  Uniformity — that  is,  there  should  be  two  or  three  exposures 
decided  upon,  and  so  far  as  possible  insisted  on  in  every  case. 

Fourth.  It  should  be  noted  that  in  most  of  the  cases  of  inaccuracy 
it  is  not  due  to  the  immediate  environment,  but  to  the  position  of  a 
house  on  a  knoll,  at  the  foot  of  a  hill,  in  a  valley,  etc.  An  investi- 
gation will  show  that  this  cause  is  far  more  potent  than  any  improper 
exposure,  and  it  is  easy  to  see  that  no  shelter  whatever  can  ever  remedy 
this  evil  due  to  topography. 

Fifth.  In  general,  in  the  shade  of  a  house  or  among  trees  no  shelter 
(I  mean  a  box  affair)  is  needed  at  all.     This  will  not  be  accepted, 
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probably,  but  it  stands  to  reason  that  when  a  thermometer  is  in  the 
shade  any  additional  covering  will  prevent  natural  ventilation. 

Sixth.  In  the  shade  of  a  building  or  among  trees  the  only  sources 
of  error  are  radiation  to  a  clear  sky  at  night  and  reflected  heat  from 
surrounding  objects  by  day.  These  two  points  are  continually  being 
insisted  upon  by  theorists,  while  a  few  experiments  would  show  them 
that  they  are  almost  inappreciable  if  the  thermometer  is  on  the  north 
wall  of  the  building  and  there  is  only  greensw^ard  in  front.  In  fact, 
under  these  circumstances  the  tendency  of  a  thermometer  will  be  to 
more  than  counterbalance  J^rrestrial  radiation.  The  wall  of  the 
house  will  always  be  cooler  than  the  air  by  day  and  warmer  than  the 
air  at  night.  These  are  the  principal  points,  although  many  other 
minor  ones  might  be  advanced. 

My  views  are,  briefly,  as  follows : 

1st.  The  best  exposure  for  free  natural  ventilation,  least  expense, 
to  avoid  harmful  radiations  and  reflections,  and  at  the  same  time  to 
be  out  of  harm's  way  from  cattle,  boys,  etc.,  would  be  on  the  north 
side  of  a  tree  H  feet  in  diameter  and  8  or  9  feet  above  sod.  I  would 
make  about  three  steps — any  man  could  do  it  without  expense — at 
the  foot  of  the  tree,  and  then  put  the  maximum  and  minimum  ther- 
mometers upon  a  board  and  screw  or  nail  that  to  the  tree.  Of  course 
I  do  not  mean  to  go  into  a  forest,  but  I  would  take  an  isolated  tree 
either  used  for  shade  or  in  an  orchard  and  convenient  to  the  house. 
At  the  top  of  the  board  I  would  put  a  slanting  roof  9  to  10 
inches  wide  to  keep  off  all  snow  and  all  rain  that  does  not  blow; 
besides  this  it  would  prevent  radiation  to  the  sky.  I  would  also  put 
a  very  light  protection  on  the  west  side,  not  more  than  6  or  7  inches 
wide,  to  prevent  the  rays  of  the  afternoon  sun  from  striking  the 
bulb.  It  should  be  noted  that  these  rays  are  not  so  very  intense,  on 
account  of  the  low  sun,  and,  in  addition,  the  bulbs  l^eing  to  the  left 
the  scale  of  the  thermometer  will  ward  off  a  part  of  the  heat.  If 
there  is  no  sod  underneath,  there  would  be  needed  a  board  about  a 
foot  wide  on  the  under  side  to  ward  off  reflected  fays.  Xo  protection 
is  needed  on  the  east  side,  for  the  minimum  has  been  reached  before 
sunrise  and  the  maximum  will  not  be  affected  till  noon  or  after. 

2d.  All  that  has  just  been  said  regarding  a  tree  exposure  may  be 
applied  in  so  many  words  to  an  exposure  on  the  north  wall  of  a 
building.  Here  it  should  be  remarked  that  I  have  found  a  continual 
tendency  on  the  part  of  amateurs  to  put  thermometers  in  an  angle 
whenever  it  could  be  done.  They  have  thought  that  the  thermometers 
would  ])e  best  protected  against  rain  and  sometimes  wind  in  an  angle. 
This  is  true,  but  the  exposure  there  would  be  in  stagnant  air  and 
would  be  far  more  objectionable  than  on  a  north  wall.  When  there 
is  an  L  on  the  north  side  of  a  house  the  exposure  should  be  on 
the  end  of  that. 
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3d.  Exposure  on  a  wide-extended  sod.  I  do  not  like  this  exposure 
^except  in  a  standard  shelter,  and  at  least  16  feet  above  the  sod. 

Nothing  radical  should  be  done  without  first  experimenting  upon 
it.  No  attention  need  be  paid  to  the  idea  that  the  exposure  should 
be  at  the  average  height  of  a  man  because  we  wish  to  know  the  tem- 
perature where  we  live  or  breathe.  If  the  person  were  going  to  spend 
his  days  and  nights  right  at  the  thermometer  this  might  be  a  plausi- 
ble argument,  but  as  one  does  not  stay  there  but  is  continually  going 
from  one  point  outdoors  where  the  temperature  is  high  to  another  20° 
or  so  lower,  I  do  not  see  the  force  of  this  argument.  It  will  be  found 
that  all  the  sources  of  error  are  increased  the  nearer  we  are  to  the 
ground — ^lack  of  ventilation,  terrestrial  radiation,  reflection  from  sur- 
roundings, etc. 

It  would  be  of  great  advantage  if  the  Chief  of  the  Bureau  or  the  board 
on  thermometer  exposure  would  initiate  a  few  inexpensive  experiments. 
Place  maximum  and  minimum  thermometers  upon  a  board  as  I  have 
suggested,  on  the  north  side  of  the  Weather  Bureau  office,  and  8  or 
10  feet  above  the  ground.  Also  erect  upon  the  greensward,  in  front, 
two  posts  some  10  feet  high,  and  place  upon  them  a  board  3  or  4  feet 
scjuare,  and  then  put  on  that  the  additional  boards  with  guards  on 
top,  and  west,  and  below.  This  would  be  inexpensive,  and  it  might 
be  found  more  satisfactory  than  the  wall  exposure. 

One  thing  should  be  noted :  the  temperature  found  in  these  loca- 
tions will  not  agree  exactly  with  that  on  the  roof.  The  maximum 
will  be  slightly  higher  and  the  minimum  slightly  lower,  while  the 
mean  of  the  two  will  be  almost  exactly  the  same  in  the  lower  and 
upper  exposures.  This  will  be  due  not  to  the  error  of  the  exposure 
but  to  the  fact  that  the  air  temperature  by  day  is  actually  higher  in 
the  lower  location  and  by  night  it  is  lower. 

I  will  close  with  a  leaf  from  my  experience.  My  father  while 
preaching  at  Deerfield,  Mass.,  desired  very  much  to  make  observa- 
tions for  the  New  England  Meteorological  Society.  I  purchased  for 
him  a  maximum  and  minimum  outfit  and  placed  it  upon  a  board,  as 
I  have  suggested,  and  this  board  on  the  north  side  of  the  house. 
While  home  on  vacation  I  tested  this  exposure  at  all  hours  of  the 
day  and  night  with  a  sling  thermometer,  and  found  the  two  agreed 
almost  exactly.  A  careful  scrutiny  of  these  observations  and  com- 
parison with  other  voluntary  records  I  am  sure  will  show,  if  anything, 
a  more  satisfactory  result  at  Deerfield.  Later  my  father  moved  to 
Hartland,  Vt.,  and  as  my  vacation  came  at  that  time  I  set  the  board 
upon  a  maple  nearly  four  feet  in  diameter.  It  was  in  front  of  a 
.  house  and  about  40  feet  away.  I  feel  sure  the  results  here  were 
more  satisfactory,  if  anything,  than  at  Deerfield.  Comparisons  be- 
tween the  sling  and  a  dry  bulb,  very  near  the  maximum  and  mini- 
mum, showed  the  same  readings  at  all  hours.      I  grant  that  this  last 
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exposure  on  a  knoll,  higher  than  all  the  village  about,  gave  almost  a 
perfect  natural  ventilation  and  could  not  be  improved  upon.  1  can 
not  see  how  any  benefit  could  possibly  arise  from  inclosing  the  ther- 
mometers in  a  louver  shelter,  and  I  can  see  that  the  ventilation 
would  be  much  impeded.  I  have  considered  only  maximum  and 
minimum  above.  If  dry  and  wet  are  used  the  dry  should  be  close  to 
the  maximum  and  minimum,  i,  e.,  to  the  east,  and  the  wet  should  l>e 
about  five  inches  from  the  dry  and  to  its  left. 

In  case  a  voluntary  observer  has  a  Richard  thermograph  I  would 
put  it  on  a  board  by  itself  and  make  the  roof  extend  a  little  farther 
over.  I  would  also  put  the  protecting  board  against  the  afternoon 
sun,  three  or  four  feet  away,  and  make  it  large  enough  to  shade  the 
bulb  of  the  thermograph. 

Of  course  the  diurnal  range  of  temperature  cannot  be  obtained  ac- 
curately except  in  a  standard  shelter  and  far  above  the  ground. 

EXPOSURE    FROM    A    WINDOW. 

Some  observers  prefer  to  read  their  instruments  from  a  window. 
Professor  Snell,  of  Amherst,  made  observations  from  a  window  for 
40  years,  maximum,  minimum,  wet,  and  dry.  A  few  precautions  will 
give  quite  accurate  results.  First,  the  top  window  must  be  fixed  so 
as  to  open  downwards,  so  that  the  heat  of  the  room  will  go  above  the 
thermometers  when  setting  them  or  when  wetting  the  wet  bulb. 

Lieutenant  Mitchell,  of  Chicago,  111.,  years  ago,  after  trying  all  sort« 
of  experiments,  found  this  the  only  relief.  One  of  the  panes  above  the 
thermometers  may  be  hinged,  and  this  will  be  the  more  convenient, 
as  well  as  enabling  the  keeping  in  of  the  heat  in  winter.  The  west 
blind  should  be  securely  fastened  at  right  angles  to  the  house,  and  if 
there  is  any  eastward  "  look  "  to  the  north  side  of  the  house  the  east 
blind  should  be  fastened  in  the  same  way.  A  board  stretching  across 
the  window  should  be  made  fast  to  the  window-posts  on  either  side 
and  should  be  at  least  one  foot  from  the  window — the  farther  the 
better,  provided  the  scales  of  the  thermometer  are  open  enough  to  be 
read  easily.  The  thermometers  should  not  be  nearer  than  one  foot  io 
the  window.  If  there  are  inside  blinds  and  the  light  is  not  needed, 
they  may  be  closed,  but  this  precaution  will  not  be  needed  in  most 
seasons  of  the  year.  An  exposure  of  this  kind  is  extremely  con- 
venient and  ought  to  give  good  results  if  properly  managed. 

H.  A.  Hazen. 
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APPENDIX. 

The  suggestions  regarding  thermometer  exposures  here  given  apply 
to  stations  north  of  35^  north  latitude.  They  may  apply  a  little 
farther  south,  but  it  is  evident  that  the  conditions  markedly  change 
the  farther  south  we  go.  A  sun  which  is  nearly  vertical  at  noon  will 
shine  on  the  north  side  of  a  building  nearly  all  day,  and  the  ordinary 
precautions  Will  not  answer.  I  do  not  believe  in  the  East  Indian 
custom  of  building  a  horizontal  thatch  six  or  seven  feet  square  and 
then  exposing  the  thermometers  in  the  center  with  no  covering  on 
any  side.  It  would  seem  that  reflected  heat  and  lack  of  ventilation 
80  near  the  ground  would  be  objectionable.  Exposure  at  the  south 
needs  special  investigation.  I  do  not  see  anything  better  than  an 
open  shelter  on  the  roof  of  a  building. 

The  experience  at  Key  West  is  very  remarkable  as  showing  the 
great  advantage  of  good  natural  ventilation.  With  the  shelter  on  the 
north  side  of  the  building  there  were  about  forty-four  90°-days  per 
year  during  June,  July,  and  August.  With  the  shelter  on  the  roof 
there  is  now  only  .6  of  a  day  (or  three  days  in  five  years)  in  the 
same  months. 
3 
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APPENDIX  B. 


REPORT  OF  THE  COMMITTEE  ON  SIGNALS. 

Washington,  D.  C,  December  5,  1892 

Major  H.  H.  C.  Dunwoody, 

President  American  Association  of 

State  Weather  Services,  Washington,  D.  C: 

Dear  Sir  :  We  have  the  honor  to  submit  the  following  report  of 
your  committee  on  signals: 

In  view  of  the  recent  change  in  the  manner  of  issuing  weather 
forecasts  many  of  the  defects  of  the  present  system  of  signaling  are 
obviated,  as  it  is  not  necessary  to  display  a  fair  weather  flag  except 
in  very  rare  cases,  and  the  subject  resolves  itself  into  one  of  warning 
only;  a  rain  flag  covers  the  ground  fairly  well.  Several  different 
plans  have  been  suggested  for  changing  the  present  system  of  signals, 
but  the  matter  is  so  important  that  no  radical  change  is  recommended 
at  present. 

The  ball  or  cone  system  has  been  recommended  by  several,  and  it 
has  some  advantages,  as  has  also  the  semaphore,  over  the  flag  system. 
In  special  localities  flash  lights  or  rockets  can  be  used,  it  is  thought, 
to  advantage.  The  Pusey  system  has  merits  that  should  receive 
fuller  recognition,  as  it  is  simple  in  its  action.  The  Townsend  signal 
is  simple  and  can  undoubtedly  be  used  to  good  effect,  especially  in 
localities  affected  by  coal  smoke. 

There  are  submitted  with  this  report  papers  of  several  distinguished 
gentlemen  whose  views  will  undoubtedly  have  great  weight  in  making 
a  proper  selection.  It  will  be  seen  from  these  reports  that  a  majority 
favor  the  ball  or  cone  system.  The  expense  in  erecting  these  will 
not  be  favorable  to  their  adoption. 

The  semaphore  signal  is  considered  available  for  agricultural  dis- 
tricts as  it  can  be  constructed  cheaply  and  placed  at  regular  distances 
and  operated  by  the  farmers  so  that  the  information  could  be 
promptly  transmitted  from  each  center. 

The  semaphore  signals  comprise  in  a  measure  the  Pusey  and  Town- 
send  signals  above  mentioned.  Flags  cannot  be  used  in  many  locali- 
ties on  account  of  coal  smoke,  which  quickly  obliterates  the  colors  of 
the  flags.  Rockets,  flush  lights,  balloons,  and  cannon  are  too  ex- 
pensive for  regular  use. 

Very  respectfully, 

N.  B.  Conger, 

S.  W.  Glenn,    J^  Committee. 

R.  E.  Kerkam, 
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The  following  papers  referred  to  were  submitted  by  request  of  the 
Chief  of  the  Weather  Bureau : 

Washington,  D.  C,  December  8,  1892. 
To  the  Chief  op  the  Weather  Bureau  : 

Sir  :  Referring  to  the  memorandum  dated  October  25, 1892,  request- 
ing that  suggestions  be  made  for  the  improvement  of  the  present 
system  of  signaling  weather  forecasts,  I  have  the  honor  to  submit 
the  following  remarks : 

The  system  of  flags  in  use  by  this  service  was  adopted  after  careful 
experiments  made  by  the  Indications  Board  as  to  the  best  system  of 
signals,  both  as  to  simplicity  and  visibility.  Previous  to  the  adop- 
tion of  the  present  system,  which  depends  upon  solid  colors  and  posi- 
tion, the  flags  contained  symbols  to  indicate  the  weather  conditions, 
these  symbols  being  taken  from  the  Ohio  system,  which  was  intended 
for  display  on  railway  trains. 

The  present  system  was  compared  with  the  drum  and  cone  system 
by  actual  test,  and  in  the  opinion  of  the  board  the  flag  system  proved 
far  superior  to  the  solid  symbols.  A  report  of  the  experiments  made 
by  this  board  will  be  found  in  ''Extract  Number  3,  Annual  Report  of 
the  Chief  Signal  Officer,  1886,"  and  probably  constitutes  the  only 
record  of  an  actual  test  made  in  this  country  of  the  several  signals. 
In  all  these  experiments  it  has  been  necessary  to  provide  for  at  least 
three  elements,  viz.,  fair  weather,  rain,  and  temperature,  and  there- 
fore the  system  must  be  more  or  less  complicated.  As  the  present 
tendency  of  the  service  is  to  allow  the  absence  of  the  signal  to  indi- 
cate fair  weather,  it  might  be  well  to  adopt  a  system  which  would 
only  require  the  display  of  a  rain  flag,  a  local  rain  flag,  and  a  cold 
wave  flag,  thus  greatly  simplifying  the  display.  I  believe  the  flag 
to  be  the  best  and  most  practicable  signal,  owing  to  its  cheapness, 
although,  if  funds  were  available,  I  would  urge  the  adoption  of  a 
semaphore  system.  It  might  be  possible,  also,  in  localities  where 
electric  lights  are  available,  to  introduce  a  flash  light  in  connection 
with  either  the  storm  warnings  on  the  coast,  or  in  connection  with 
approaching  storms  or  cold  waves. 
Very  respectfully, 

H.  H.  C.  DUNWOODY, 

Major,  Signal  Corps, 

Weather  Bureau, 
Washington,  D.  C,  October  31,  1892. 
To  the  Chief  of  the  Weather  Bureau  : 

Sir:  In  reply  to  your  memorandum  of  October  26,  1892,  relative 
to  weather  signals,  I  have  the  honor  to  report  that  I  do  not  think 
that  any  single  system  of  signaling  will  combine  all  the  features  that 
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are  desired,  viz.,  cheapness,  durability,  simplicity,  visibility  to  a 
greater  distance  than  flags,  drums,  and  cone's,  and  audibility  to  a 
greater  distance  than  whistles. 

There  is  such  a  large  variety  of  information  desired  by  the  public 
that  a  complex  system  of  signals  seems  almost  inevitable.  The 
amount  of  information  that  is  now  given  by  signals,  and  which  is,  I 
think,  also  the  maximum  that  we  should  try  to  give,  is  enumerated 
in  the  following  paragraph,  and  anything  more  than  this  should,  I 
think,  be  given  by  special  telegraph  or  telephone  dispatch  which  may 
be  bulletined  in  the  telegraph  and  post  offices  and  printed  in  the 
daily  newspapers — 

Weather  prediction.  Flag  signal. 

1.  Clear  or  fair  weather White  flag. 

2.  Rain  or  snow Blue  flag. 

3.  Local  rains Half  blue  half  white. 

4.  Temperature,  higher Black  triangle  above. 

5.  Temperature,  lower Black  triangle  below. 

6.  Temperature,  stationary Black  triangle  absent. 

7.  Cold  wave White  flag,  black  center. 

8.  Storm  flag  for  special  States  (blizzards 

or  high  winds,  snow,  and  freezing).  .  .Red  flag,  black  center. 

9.  Storm  flag  for  all  seaboard  and  lake  sta- 

tions (dangerous  winds) Red  flag,  black  center. 

10.  Direction  of  storm  wind,  northwest ....  White  pennant  above. 

11.  Direction  of  storm  wind,  southwest. .  .  .White  pennant  below. 

12.  Direction  of  storm  wind,  northeast  .  .  .  .Red  pennant  above. 

13.  Direction  of  storm  wind,  southeast.  .  .  .Red  pennant  below. 

14.  Cautionary  flag  for  lake  stations Red  flag,  white  center. 

16.  Directionof  cautionary  winds,  northwest.  White  pennant  above. 

16.  Directionof  cautionary  winds,  southwest.  White  pennant  below. 

17.  Directionof  cautionary  winds,  northeast .  Red  pennant  above. 

18.  Direction  of  cautionary  winds,  southeast .  Red  pennant  below. 

19.  Information  signal Red  pennant  ahme. 

20.  Frost  at  special  stations White  flag,  black  center. 

In  order  to  diminish  the  number  of  signals  as  much  as  possible,  I 
recommend  that  Nos.  4,  5,  and  6  of  this  list  be  omitted,  and  that 
temperature  predictions  be  signaled  only  when  the  temperature  ex- 
periences a  decided  rise  or  fall ;  a  decided  rise  is  so  rarely  injurious 
that  at  present  it  is  not  worth  signaling;  a  decided  fall  is  only  in- 
jurious in  the  special  cases  of  cold  waves,  blizzards,  and  severe  frosts, 
and  these  three  I  would  provide  for  by  special  signals,  namely,  "cold 
wave,"  as  now  in  No.  7 ;  "  blizzards,"  as  now  in  No.  8,  only  I  would 
make  it  a  red  flag  and  black  border  so  as  not  to  be  so  precisely  like 
No.  9 ;  and  for  "  frosts,"  No.  20,  I  would  substitute  the  black  trianglo 
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as  now  used  in  Nob.  4,  6,  and  6,  but  of  course  putting  it  below  any 
other  signal  so  as  to  show  that  lower  temperature  is  predicted. 

The  system  of  items  to  be  signaled  is  thus  reduced  from  20  to  17, 
and  the  confusion  between  cold  wave  and  frost,  or  between  blizzard 
and  storm  flags,  is  removed,  and  a  special  flag  signal  for  frost  is 
provided. 

The  remaining  17  items  are  signaled  by  means  of  combinations 
of  10  different  flags,  namely : 

(a)  The  white  flag. 

(b)  The  blue  flag. 

(c)  Half  blue  and  half  white. 

(d)  White  flag  and  black  center. 

(e)  Red  flag  and  black  center. 

(f )  Red  flag  and  white  center. 

(g)  Red  flag  and  black  border, 
(h)  White  pennant. 

(i)  Red  pennant. 

(j)  Black  triangle. 
As  regards  other  kinds  of  signals  than  flags,  I  think  that  if  any 
changes  be  made  they  should  be  in  the  direction  of  the  "  ball,  cone, 
and  drum  "  system,  since  that  is  already  in  use  by  almost  every  other 
nation,  but  as  it  would  have  to  be  elaborated  in  order  to  provide  for 
our  17  items  of   information,  I  think  it  important  that  only  such 
elaboration  should  be  adopted  as  is  likely  to  be  acceptable  to  all 
nations  since  it  is,  of  course,  very  desirable  that  the  navigator  should 
find  the  same  system  in  use  at  whatever  port  he  may  be.     As  these 
signals  are  cumbersome  and  expensive  I  would  especially  direct  at- 
tention to  the  utilization  of  the  "  semaphore,"  as  used  at  most  naval 
and  mercantile  stations  throughout  the  world  for  telegraphic  com- 
munication.     Semaphores  were  first  established  by  the  French  in 
1794,  and  immediately  adopted  by  the  English,  and  are  still  used 
wherever  the  electric  telegraph  or  telephone  has  not  superseded  them. 
Portable  semaphores  are  erected  on  vessels  for  communication  with 
shore,  and  are  especially  useful  when  the  wind  is  too  feeble  to  shake 
out  the  flag  signals.    *  For  our  purposes  the  semaphore  would  consist 
of  a  strong  mast  to  which  there  are  attached  two  arms  which  are  so 
hinged  to  the  mast  that  they  can  be  set  at  any  angle  by  the  man 
who  works  the  ropes  at  the  bottom  of  the  mast.     At  night  these  arms 
carry  green,  yellow,  and  red  lights.      Each  arm  can  be  put  into  five 
positions,  namely,  hanging,  horizontal,  vertical,  inclined  up,  or  in- 
clined down,  and  the  combination  of  the  ten  positions  thus  made 
poBsible  gives  an  abundant  variety  of  signals.     These  semaphoric  sig- 
nals are,  of  course,  set  up  so  as  to  face  in  the  direction  that  is  most 

• 

important  and  are  equally  visible  from  behind  as  well  as  from  in 
front.     In  some  cases  we. should  need  to  set  up  another  mast  with 
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duplicate  signals  facing  at  right  angles  to  those  on  the  main  mast; 
the  color  of  the  arms  of  the  semaphore  will  depend  upon  the  back- 
ground. Thus  the  signals  may  be  easily  and  correctly  read  over  the 
entire  region  surrounding  the  semaphore. 

If  it  be  practicable  to  introduce  a  system  radically  different  from 
flags  and  semaphores,  then  the  one  that  is  simplest,  cheapest,  and 
thoroughly  practical  is  that  which  was  developed  at  the  Agricultural 
College  at  Orono,  Me.,  and  which  I  will  call  the  "staff  and  balls" 
system.  In  this  we  have  at  least  three  balls  made  of  light  material 
painted  black  and  white  so  as  to  be  easily  visible,  and  whose  use  as 
signals  depends  upon  the  fact  that  they  have  different  sizes,  for 
instance,  1,  2,  and  4  feet  in  diameter,  respectively,  if  three  balls  are 
used ;  or  1,  2,  3,  and  6  feet  if  four  balls  are  used.  These  balls  are 
strung  one  above  the  other  vertically  on  the  staff;  the  order  in  which 
the  balls  come  as  read  from  above  downwards  is  subject  to  a  large 
number  of  combinations,  so  that  with  three  balls  fifteen  different  pre- 
dictions may  be  indicated,  the  signification  of  each  combination  being 
wholly  arbitrary.  The  balls  should,  of  course,  be  made  of  thin  slabs 
or  lattice  work  so  as  to  combine  lightness,  stiffness,  and  least  resist- 
ance to  the  wind.  The  most  expensive  part  of  this  system  is  the  mast 
and  the  apparatus  for  raising  and  lowering  the  balls. 

In  order  to  make  our  flag  or  other  signals  visible  over  a  wider  range 
of  country  it  is,  I  think,  important  to  duplicate  them  at  many  points 
surrounding  a  large  city  or  harbor,  and  to  elevate  them  higher  above 
the  ground  than  we  usually  do;  this  is  especially  necessary  at  large 
ports  like  New  York  where  myriads  of  flags  and  lights  surround  and 
obscure  our  own  signals.  Progress  in  meteorology  has  been  greatly 
forwarded  by  continuous  records  from  the  summit  of  the  Eiffel  Tower, 
and  wherever  we  can  obtain  the  use  of  similar  tall  towers  for  our 
instruments  and  signals,  there  will  be  a  corresponding  benefit  both  to 
meteorology  and  to  the  display  of  signals. 

With  regard  to  signals  distributed  by  means  of  whistles,  bells,  and 
other  sounds,  I  know  of  nothing  better  than  the  steam  whistle  for 
those  who  are  within  three  or  four  miles  of  the  whistle,  and  have  no 
other  confusing  sounds  to  bother  them.  But  in  the  cities,  where  other 
noises  daily  obscure  the  whi^le,  and  where  the  telegraph  and  telephone 
are  widely  distributed,  it  should  become  possible  to  utilize  these  latter 
as  well  as  the  city  fire-alarm  system  to  disseminate  the  11  a.  m.  predic- 
tion daily  bell  signals,  just  as  the  midday  time  signal  is  distributed 
throughout  the  whole  city  simultaneoxisly.  For  instance,  adopting  a 
system  of  bell  strokes  similar  to  the  long  and  short  whistles,  and  de- 
siring to  communicate  to  the  citizens  of  Washington  the  fact  that  a 
"cold  wave  "  is  expected,  the  fire-alarm  system  would,  at  11  a.  m.,  be 

operated  from  the  Weather  Bureau,  and  every  gong  and  bell  in  the 
city  would  ring  first  a  long  "Weather  Bureau  attention  call,"  being  a 
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succession  of  strokes  as  rapidly  as  possible  for  15  seconds;  after  this 
comes  a  pause  and  then  three  sets  of  rapid  strokes  (three  individual 
strokes  in  each  set),  corresponding  to  the  three  short  blasts  of  the 
whistle.  If,  however,  "fair  weather"  is  to  be  signaled,  then  after  the 
"attentioa  call  "has  been  sounded  there  would  come  simply  one  long 
signal  made  up  of  strokes  of  the  bell  in  rapid  succession,  lasting  for 
about  5  seconds.  In  this  way  we  should  strike  on  the  fire-alarm  gongs 
in  every  city  where  we  have  an  oflSce  the  same  weather  signals  that 
are  given  by  the  whistles  and  the  signal  flags.  If  now,  in  addition  to 
this,  we  display  our  flag  signals  at  the  same  time  and  for  an  hour  or 
two  thereafter  at  the  fire-engine  houses,  we  shall  have  fully  communi- 
cated to  the  people  of  the  cities,  before  1  o'clock  daily,  our  ideas  as  to 
the  coming  weather.  This  utilization  of  the  public  fire-alarm  system 
will  be  especially  important  if  we  desire  to  predict  a  matter  of  urgent 
importance,  such  as  cold  waves,  blizzards,  thunderstorms,  and  tor- 
nadoes. 

It  will  become  a  regular  habit  of  the  people  to  listen  for  the  11  a.  m. 
weather  signal  as  they  now  listen  for  the  12  o'clock  noon  signal. 

Respectfully, 

Cleveland  Abbe,  Professor. 


Weather  Bureau,  October  31,  1892. 
To  the  Chief  op  the  Weather  Bureau  : 

Sir  :  In  response  to  memorandum  of  October  25,  1892,  calling  for 
a  report  upon  a  better  method  of  disseminating  weather  forecasts  than 
that  now  adopted,  I  desire  to  say : 

There  are  at  least  three  methods  to  be  considered,  and  the  one  to 
be  chosen,  it  seems  to  me,  depends  as  much  upon  the  desires  of  any 
community  as  on  any  thing. 

Ist.  Visible  signals. 

2d.  Audible  signals. 

3d.  A  message  to  be  posted  at  the  post  oflSce  or  ,other  central  point 
from  which  carriers  or  criers  may  distribute  the  message  by  horse- 
back, bicycle,  or  otherwise. 

VISIBLE    signals. 

For  a  visible  signal  I  would  suggest  a  dense  smoke  to  be  made  upon 
a  knoll  at  a  specified  time.  A  white  smoke  to  indicate  fair  weather 
or  no  rain  for  24  or  36  hours,  as  the  case  may  be.  A  dense  black  smoke 
to  indicate  rain.  The  smoke  should  ascend  to  a  considerable  height 
above  the  trees  in  a  wooded  country.  If  difficulty  is  experienced  in 
making  this  visible  to  low  lying  districts  the  smoke  may  be  started 
in  a  tree  by  climbing  up  a  ladder,  or  in  a  level  country  the  furnace 
or  smoke  producer  may  be  placed  upon  the  roof  of  a  house.    Persons 
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interested  would  very  quickly  learn  where  the  signal  could  be  seen 
and  would  post  some  one  in  a  position  to  look  for  it  at  the  proper 
time.  The  duration  of  the  signal  is  a  detail  to  be  decided  upon  after 
a  little  experience  and  to  suit  the  needs  of  those  interested.  I  do  not 
now  see  any  difficulty  in  making  the  signal  intermittent  for  tempera- 
ture, that  is,  I  would  close  the  furnace  or  smoke  producer  momentarily 
and  then  open  it.  The  intermittent  white  smoke  would  indicate 
higher,  and  black,  lower  temperature. 

There  is  another  method  which  may  be  simpler  yet.  Let  the  dura- 
tion of  the  smoke  indicate  the  character  of  the  forecasts,  like  the  flash 
light  in  a  lighthouse. 

For  example,  fair  weather,  no  rain :  a  white  smoke  to  be  seen  1 
minute,  no  smoke,  one-half  minute ;  smoke  1  minute',  no  smoke  one- 
half  minute ;  smoke  1  minute,  no  smoke  one-half  minute,  three  times, 
and  a  glance  at  the  watch  will  show  what  this  means.  Persons  can 
tell  this,  however,  without  a  watch  after  a  little  experience,  by  count- 
ing 60.  For  rain  I  would  suggest  the  same  smoke  continued  for  2 
minutes  with  a  gap  of  1  minute,  three  times  as  before.  For  higher 
temperature  white  smoke  as  for  fair  above,  and  lower  temperature  the 
same  as  rain  but  with  black  smoke.  This  system  may  be  greatly  ex- 
tended. The  substances  used  need  not  be  very  expensive ;  probably 
they  would  not  cost  more  than  two  or  three  cents  each  time. 

AUDIBLE    SIGNALS. 

Audible  signals  would  be  needed  in  a  hilly  country  and  in  dense 
fog.  1  would  suggest  the  use  of  the  church  bells.  These  are  dis- 
tributed over  the  whole  country  at  distances  of  four  or  five  miles  and 
there  are  few  people  who  would  use  the  forecasts  who  are  out  of  hear- 
ing of  a  bell.  I  do  not  think  there  would  be  much  objection  to  the 
use  of  a  bell  for  heralding  natures  changes  provided  there  are  not  too 
many  failures  in  the  forecasts.  The  details  of  the  use  of  the  bell  may 
be  easily  worked  out  and  very  quickly  learned  by  the  bell  ringer. 
Church  bells  are  used  in  this  city  for  the  fire  alarm,  and  surely  they 
would  be  more  appropriate  for  signaling  the  weather.  I  would  sug- 
gest two  strokes  thrice  repeated  for  fair,  three  strokes  thrice  repeated 
for  rain,  four  strokes  thrice  repeated  for  higher  temperature,  and  five 
strokes  thrice  for  lower.  If  there  is  objection  to  the  use  of  the  bell  in 
some  cities,  owing  to  its  being  mistaken  for  a  fire  alarm,  it  will  be  a 
very  simple  matter  to  settle  upon  some  conventional  ringing,  as  a 
preface  to  the  forecast,  i^hich  can  always  indicate  that  the  probable 
weather  was  about  to  be  indicated.  I  think  the  definite  time  of  the 
signal,  however,  would  very  quickly  impress  itself  upon  the  mind  and 
there  would  be  no  confusion.  It  should  be  noted  that*  this  signal 
would  need  to  be  heard  only  once  and  not  three  times  to  show  what 
it  meant. 
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As  an  illustration,  I  note  that  in  this  city  some  churches  give 
three  strokes  four  tinoies  repeated  each  morning  at  6  o'clock,  and 
there  is  no  confusion ;  also,  the  fire  alarm  never  repeats  the  same 
number  of  strokes. 

Another  system  would  be  by  explosives,  but  I  suppose  this  may 
come  under  the  head  of  rockets,  which  have  already  been  under  ad- 
visement. Were  it  not  for  the  expense  and  a  slight  danger  connected 
with  this  method  I  think  it  might  be  made  to  supersede  all  other 
systems. 

The  most  important  thing  just  now  is  to  improve  the  forecasts. 
There  is  no  doubt  in  my  mind  that  every  community  where  weather 
forecasts  are  of  value  would  very  quickly  devise  a  permanent  system 
for  distribution  if  it  found  that  the  predictions  could  be  depended 
upon.  I  would  suggest  that  a  carefully  worded  statement  containing 
the  various  systems  proposed  be  drawn  up  in  circular  form  and  sent 
to  any  community  where  complaints  have  arisen  or  where  weather 
forecasts  are  desired.  Most  villages  have  a  flagstaff  near  the  center 
of  the  town.  At  night  a  Coston  signal  light  might  be  burned  at 
proper  intervals  and  a  sufficient  number  of  times,  as  has  been  sug- 
gested above  for  smoke. 

I  have  thought  that  attention  might  be  attracted  to  the  signal  by  a 
loud  explosion,  from  a  mortar  or  otherwise,  which  need  not  entail 
very  great  expense,  just  before  the  regular  signal  was  displayed  or 
sounded.  All  these  matters  of  detail  may  be  easily  arranged  after 
experience  and  when  it  is  known  what  can  be  used  to  best  advantage. 
There  is  one  other  suggestion.  In  Pomfret,  Vt.,  there  is  an  enor- 
mous tin  horn  some  20  or  25  feet  in  length,  the  volume  of  sound 
emanating  from  this  horn  is  marvellous  though  blown  by  lung  power. 
I  have  no  doubt  that  some  device  of  this  kind  might  be  greatly  im- 
proved upon,  and  I  think  it  could  be  heard  easily  over  an  area  of  40 
or  50  square  miles.  I  have  heard  it  3  miles. 
Yours,  very  respectfully, 

H.  A.  Hazen. 


Washington,  D.  C,  October  29,  1892. 
To  the  Chief  of  the  Weather  Bureau: 

Referring  to  your  memorandum  of  October  25,  calling  for  a  report 
of  suggestions  of  more  effectual  means  for  the  dissemination  of 
weather  warnings,  I  desire  to  submit  the  following  remarks : 

In  your  memorandum  you  have  referred  in  detail  to  several  methods 
either  now  used  or  that  have  been  suggested  as  useful  in  this  connec- 
tion and  which  you  say  have  been  thoroughly  discussed  and  are, 
therefore,  debarred  from  further  consideration.  In  view  of  this  I 
would  say  that  there  appears  to  be  but  three  methods  by  which  in- 
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formation  can  be  disseminated  or  acquired.  That  is  to  say,  an  indi- 
vidual may  learn  a  thing  which  another  wishes  to  impart  to  him 
either  by  seeing  some  signal  previously  arranged  upon,  or  by  hearing 
some  sound  serving  as  a  signal,  or  he  may  receive  a  personal  message, 
which  may  come  to  him  in  a  variety  of  ways. 

It  seems  to  me  we  are  confined  to  one  or  all  of  these  three  methods 
for  disseminating  our  information.  It  does  not  appear  to  me  to  be 
practicable  to  expect  to  so  improve  or  extend  any  of  the  methods  of 
dissemination  depending  upon  seeing  or  hearing  as  to  reach  a  larger 
class  of  people  than  are  now  reached  by  those  methods.  We  must 
depend  more,  I  think,  upon  the  wide  dissemination  of  special  messages 
into  remoter  regions.  These  messages  have  the  great  advantage  of 
always  being  more  complete  and  explicit  than  signals  can  ever  be. 
Their  expense,  however,  is  of  course  a  matter  of  serious  consideration. 
It  is  necessary,  too,  that  messages  be  delivered  with  great  promptness, 
which  implies  the  use  of  either  telephone  or  telegraph  lines. 

There  does  not  appear  to  be  any  serious  obstacle  to  sending  every 
community  interested  in  the  information  some  more  or  less  complete 
message  of  weather  forecasts,  and  then  resorting  to  the  display  of 
signals  for  the  further  dissemination  to  those  not  already  reached. 
There  is  little  doubt  that  in  many  individual  cases  persons  who  have 
any  interest  in  the  matter,  whatever,  can  find  some  means  peculiar 
to  their  particular  circumstances  by  which  they  can  get  regular  re- 
ports from  some  adjacent  center. 

This  problem  presents  extreme  difficulties  for  which  I  find  no  satis- 
factory solution. 

Respectfully, 

C.  F.  Marvin, 

Professor y  in  charge  Instrument  Room. 


October  27,  1892. 
To  Prof.  M.  W.  Harrington  : 

In  regard  to  the  subject  of  signaling  forecasts  otherwise  than  by 
telegraph  and  telephone,  the  following  suggestions  are  offered : 

The  best  method  in  any  particular  instance  will  depend  on  the 
locality,  what  things  are  to  be  signaled,  and  the  distance  the  message 
is  to  be  transmitted. 

Whether  the  expense  of  signaling  is  to  be  borne  by  the  Weather 
Bureau  or  by  the  communities  interested  in  any  special  kind  of  warn- 
ings ought  to  determine  largely  what  method  of  signaling  should  be 
used. 

For  harbors,  where  signals  are  usually  viewed  at  short  distances,  the 
cone,  cylinder,  and  sphere  constitute  the  best  means  of  signaling. 
These  symbols  have  now  acquired  a  definite  meteorological  significance, 
their  character  is  established,  and  they  are  not  used  for  anything  else. 
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They  are  separate  and  distinct  from  quarantine  flags,  revenue  marine 
flags,  signaling  flags,  and  gala  devices  of  all  kinds,  and  it  is  con- 
sidered should  be  adopted  for  harbor  display. 

For  population  centers  inland,  in  cities  and  villages  where  people 
are  clustered  in  a  small  area,  flags  are  considered  to  be  the  best  signal- 
ing device. 

For  long  distance  signaling  where  wires  are  not  available,  the 
method  to  be  used  ought  to  depend  on  who  pays  for  it.  If  interested 
communities  are  willing  to  bear  the  expense,  the  method  of  carrier 
pigeons  would  seem  to  be  the  best  and  surest  method  of  sending  mes- 
sages for  distances  of  five  to  one  hundred  miles.  It  is  not  recom- 
mended that  this  method  be  expanded  at  Weather  Bureau  expense.  If 
persons  interested  in  specific  warnings  are  willing  to  pay  for  the  trans- 
portation and  care  of  pigeons,  which  would  not  be  very  great,  the 
Weather  Bureau  could  afford  to  mount  them.  As  a  rule,  if  people 
are  not  willing  to  pay  for  a  thing  they  have  not  much  use  or  desire  for 
it,  and  it  ought  not  to  be  forced  on  them. 

It  might  be  well  to  test  the  feasibility  of  long  distance  signaling 
for  special  localities  by  powder  flashes.  Flashes  of  half  a  pound  of 
powder  can  be  seen  on  clear  nights  at  distances  of  50  to  100  miles. 
The  stations  have  to  be  intervisible.  Probably  on  cloudy  nights 
places  need  not  be  intervisible  to  have  the  flashes  seen.  The  flash 
might  possibly  be  made  to  carry  green  or  red  colors  by  havilig  the 
powder  contain  minute  quantities  of  barium  and  strontium. 

A  good  plan  would  be  to  have  an  agreed  time  for  making  such  sig- 
nals, say  lip.  m.,  in  the  case  of  cold  waves,  for  instance,  and  the 
flashes  half  a  minute  apart  for  10  minutes. 

Some  experiments  might  be  made  on  this  line,  or  persons  who  have 
done  such  flashing  might  be  written  t<^.  For  distant  signaling  by 
daylight  something  might  be  done  by  sunlight  flashing. 

Stations  in  this  case  would  have  to  be  intervisible  and  the  sky  clear. 

A  mirror  might  be  mounted  on  an  automatic  whirling  device,  either 

by  a  spring  or  weight  to  be  wound  up  or  turned  by  the  wind.     The 

mechanism  could  be  made  to  change  the  inclination  of  the  mirror  to 

the  horizon  half  a  degree  at  every  revolution.    This  would  insure  a 

flash  being  seen  at  every  part  of  the  horizon  at  intervals  of  a  minute 

or  so.    Such  flashes  are  very  readily  distinguishable  over  very  great 

distances. 

Very  respectfully, 

T.  Russell. 
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Washington,  D.  C,  October  26, 1892. 
Prof.  M.  W.  Harrington, 

Chief  of  the  Weather  Bureau : 

My  Dear  Sir  :  Replying  to  your  instructions  of  the  25th  instant, 
in  which  you  ask  me  to  submit  plans  for  an  improved  long-distance 
method  of  signaling,  I  am  bound  to  confess,  at  the  outset,  that  the 
question  is  one  in  which  the  experience  of  the  practical  meteorologist 
will  have  every  advantage  over  me. 

Nevertheless,  I  should  like  to  urge  at  as  early  a  date  as  possible  the 
use  of  the  "Ballon  Captif "  in  connection  with  the  weather  service. 
It  appears  to  me  that  the  present  opportunity  is  particularly  well 
timed  for  broaching  the  matter  definitely.  I  do  not  aim  to  offer  any- 
thing original,  my  object  being  rather  to  present  a  neglected  but  fea- 
sible experiment. 

1.  I  see  no  reason  why  a  suitable  balloon,  a  connecting  wire,  and  an 
efficient  reel  can  not  be  made  at  a  small  expense.  Doubtless  some 
preliminary  experimentation  will  be  necessary,  the  object  being  to 

devise  a  form  such,  that  if  the  balloon  is  lost,  the  expense 
will  only  be  trifling. 

To  obtain  some  notion  of  the  conditions  involved  I  will 
take  a  homogeneous  atmosphere,  at  0°  C.  and  760  mm.,  a 
balloon  filled  with  hydrogen,  and  a  steel  wire  as  a  tether. 

A  balloon  something  over  6  feet,  i.  e.,  2  meters,  in  diam- 
eter, will  sustain  5  kilogrammes.  This  is  below  the 
strength  of  a  steel  wire  ^q  millimeters  in  diameter  (sus- 
tains 6  kg,).  Ten  kilometers  (about  6  miles)  of  such 
wire  will  only  weigh  6  kilogrammes. 

Hence  in  a  homogeneous,  quiet  atmosphere  such  a  bal- 
loon, if  weightless,  will  go  up,  say  5  miles,  without  break- 
ing its  cord.  Of  course  the  actual  case  (winds,  decreased 
density  of  air,  etc.)  is  much  more  unfavorable,  but  the 
margin  is  large  enough  to  make  the  experiment  worth 
while.  Even  a  half  mile  of  ascent  would  offer  experi- 
mental advantages.  Making  allowance,  however,  for  the 
hypsometric  correction  the  ascent  of  the  weightless  bal- 
loon on  the  steel  wire  given  should  be  8  -5-  3.5  kilometers,  or  ly^^  miles.* 

2.  Use8. — The  uses  of  such  a  balloon  are  manifold. 

a.  It  could  be  colored  or  shaped  in  such  a  way  as  to  be  available 
for  signaling  forecasts.  Here  its  size  is  both  in  favor  of  visibility 
and  buoyancy. 

b.  It  would  be  particularly  useful  for  investigating  the  atmospheric 
electrical  potential,  both  as  regards  time  and  space  distribution. 
(McAdie,  Bigelow.) 

*The  wire  bein;^  here  siiperHuously  strong  the  excess  of  weight  can  be  reckoned  as 
weight  of  the  balloon.  Silicon  bronze  wire,  which  is  nearly  as  strong  as  steel  and  free 
from  rust,  would  be  preferred. 


Fig.  5. 
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c.  It  would  be  of  service  in  mapping  out  changes  of  temperature 
and  possibly  of  pressure  on  passing  from  the  surface  of  the  earth 
upward. 

d.  Finally  it  would  furnish  some  clues  on  the  motion  of  upper 
aerial  currents. 

3-  fnslrumenta. — Electrometers  suitable  for  the  registry  of  atmoe- 
pheric  potentials  need  not  be  expensive  instruments. 

A  device  for  anemometry  has  occurred  to  me,  as  fol- 
lows :  The  whistling  made  by  the  wind  in  passing  across 
a  fine  wire,  ab,  takes  place  in  accordance  with  laws  which 
have  been  exhaustively  investigated  by  Dr.  Strouhal.  So 
long  as  the  periods  of  vibration  of  the  wire  are  avoided 
the  pitch  of  the  note  can  be  sharply  expressed  as  a  func- 
tion of  the  speed  of  the  wind.  Supiwse  now  such  a  wire, 
ab,  is  soldered  to  the  plate  of  a  telephone  as  in  Fig.  6. 
Then  the  note  can  be  transmitted  to  any  distance  by  the 
telephonic  wires,  cd.  This,  therefore,  is  a  simple  device 
for  anemometry,  since  the  wires  are  available  for  trans- 
mitting the  air  ijotentials  and  for  "captivating"  the  bal- 
loon. Doubtless  other  means  of  registry  will  suggest  Km.  c. 
themselves. 

4,  General  remarks. — Considering,  therefore,  the  number  of  uses  to 
which  Buch  a  balloon  can  bo  put,  and  remembering  that  some  mode 
of  exploring  the  upper  atmosphere  mvxt  he  adopted  by  meteoroh>gists, 
eventually;  remembering  too  that  observations  should  preferably  he 
made  remote  from  mountains  and  hills  (for  the  occurrence  of  earth 
protuberances  of  this  kind  can  hardly  be  without  influence  in  modi- 
fying the  normal  aerial  phenomena)  the  experiment  does  not  seem  to 
be  visionary.  I  am  aware,  of  course,  that  it  is  not  novel,  but  it  has 
not,  to  my  knowledge,  been  reduced  to  a  practical  basis. 

The  construction  of  a  balloon  answering  the  purposes  in  question 
is  a  legitimate  laboratorj'  exjwriment.  Parch  men  ti  zed  tissue  paper, 
such  as  is  now  much  used  by  draughtsmen,  suggests  itself  for  the  pur- 
pose, since  it  is  toughened  and  becomes  more  impervious  by  exposure 
to  moisture.  In  fair  weather  tlie  balloon  could  bo  made  larger  and 
sent  higlier.  In  stormy  weather  it  would  have  to  be  smaller,  stronger, 
and  more  stoutly  tethered,  and  it  would  not  mount  as  high.  If  color 
is  an  insufficient  means  of  signaling,  the  form  of  the  balloon  is  equally 
capable  of  variation.  Even  if  untethered,  the  instrument  for  signal- 
ing would  still  be  an  instrument  of  research  in  the  hands  of  the 
meteorologist. 

Very  respectfully,  yours, 

C.  Bahus,  Phyxicisl. 
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Washington,  D.  C,  Noveniber  4,  1892. 
Prof.  Mark  W.  Harrington, 

Chief  of  the   Weather  Bureau: 

Dear  Sir:  Referring  to  your  memorandum  bearing  date  of  the 
25th  ultimo,  with  request  for  opinions  and  suggestions  looking  to  a 
more  perfect  system  of  signaling  forecasts,  with  special  reference  to 
the  outlying  agricultural  districts,  distant  from  cities  and  towns  by 
from  5  to  25  miles,  I  beg  leave  to  submit  the  following : 

During  the  present  year  it  has  been  my  privilege,  in  the  line  of 
duty,  to  attend  a  considerable  number  of  farmer's  gatherings  in 
widely  separated  States  of  our  Union.  Coming  thus  in  close  touch 
with  so  many  w^ho  are  directly  concerned  in  the  matter,  I  had  fre- 
quent opportunities  for  noting  the  work  of  the  present  system  of 
signaling  and  for  hearing  from  those  who  were  more  or  less  benefited 
by  the  service. 

I  have  found  that  the  efforts  made  during  the  year  to  extend  the 
benefits  of  the  Bureau  in  the  rural  districts  are  heartily  appreciated. 
A  general  interest  prevails  among  the  farmers  to  learn  more  of  the 
methods  of  work  of  the  Weather  Bureau,  and  a  desire  to  avail  them- 
selves of  its  advantages.  Those  who  have  been  so  favorably  situated 
that  they  could  promptly  receive  the  forecasts  are  enthusiastic  in 
their  appreciation  of  the  work  and  its  great  value  in  their  farming 
operations. 

Upon  the  present  lines  of  work,  and  with  the  methods  of  signaling 
now  in  use,  there  yet  remains  a  large  amount  of  uncovered  territory. 

In  some  sections,  through  concerted  action  of  farmers,  fruit  and 
vegetable  growers,  and  others,  the  use  of  a  cannon,  specially  for  frost 
warnings,  has  proven  satisfactory.  In  some  localities  this  method  of 
signaling,  if  not  already  tested  for  more  general  use,  might  be  at  least 
experimentally  extended. 

I  am  more  and  more  convinced,  as  I  go  over  the  field  and  consider 
the  whole  situation,  that  the  full  benefits  of  the  Weather  Bureau 
service  can  never  be  received  by  the  great  majority  of  our  farmers, 
and  by  the  dwellers  in  remote  villages  and  hamlets,  until  one  or  both 
of  the  following  steps  of  progress  are  taken. 

1st.  The  establishment  of  at  least  one  Government  telegraph  or 
telephone  station  in  each  county  of  the  United  States,  and,  if  possible, 
this  central  station — which  may  very  properly  be  the  county  seat — 
should  be  in  connection  by  telephone  with  each  local  post  ofiice  in 
the  county.  To  this  central  station  the  Washington,  D.  C,  general 
and  State  local  forecasts  should  be  promptly  forwarded  at  least  twice 
in  twenty-four  hours,  with  provision  for  "extras,"  such  as  "cold 
waves,"  frosts,  local  storms,  etc.  With  the  prospective  expiration  of 
the  general  patents  on  the  telephone,  the  instruments  will  be  greatly 
cheapened,  and  there  is  scarcely  a  neighborhood  where  the  farmers 
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would  not  co-operate  in  purchasing  the  instruments  and  erecting  the 
few  miles  of  poles  and  wires  needed  to  connect  their  houses  directly 
with  the  local  post  office,  or,  if  need  be,  with  the  central  station  at 
the  county  seat;  not  only  to  receive  the  great  benefit  of  the  prompt 
receipt  of  the  weather  forecasts,  but  for  all  the  many  other  advantages 
which  close  contact  with  the  markets  and  the  events  of  the  world  of 
the  day  would  afford  them. 

2d.  A  general  and  systematic  extension  of  the  rural  free  delivery 
of  the  mails,  by  which  the  farmers  along  these  country  post  routes 
could  receive  either  their  daily  paper  containing  the  forecasts  or  a 
special  farmers'  weather  bulletin  sent  out  from  the  nearest  local 
Weather  Bureau  station.  Or  this  rural  mail  carrier  might  have  dis- 
played upon  his  wagon,  horse,  bicycle,  or  pouch,  a  flag,  or  other  signals 
furnished  him  each  day  at  his  starting  point. 

I  believe  that  as  the  great  benefits  farmers,  who  are  so  much  de- 
pendent upon  the  weather  for  their  success,  can  derive  from  the 
Weather  Bureau  service  become  better  and  more  generally  known, 
that  a  public  sentiment  and  demand  will  be  created  which  will  event- 
ually result  in  one  and  probably  both  of  the  above  suggested  plans. 
To  this  end  every  effort  should  be  made  to  extend  and  perfect  the 
present  system  as  far  as  possible,  every  new  locality  reached  by  flags 
or  whistles  becoming  the  leaven  that  will  in  the  near  future  leaven 
the  whole  lump. 

Very  respectfully, 

Mortimer  Whitehead,  Inspector, 


Washington,  D.  C,  October  31,  1892. 
To  the  Chief  of  the  Weather  Bureau  : 

Sir:    Replying  to  memorandum   dated   October  25,  I   have   the 
honor  to  state  my  belief  tliat  no  system  of  visual  signals  can  possibly 
be  devised  that  will  meet  the  various  requirements  of  communicating 
the  forecasts  to  the  "outlying agricultural  districts."    The  cost  alone 
is  an  insurmountable  obstacle  unless  those  directly  benefited  will 
bear  the  expense.    The  same  would  probably  prove  to  be  the  case 
with  any  system  of  sound  signals,  though  it  might  be  well  to  investigate 
the  probable  cost  of  announcing  forecasts  of  severe  storms  or  severe  cold 
by  means  of  explosives  set  off  in  the  early  evening  (say  about  6  o'clock) 
when  the  warnings  are  to  be  given  for  the  next  day.    A  few  pounds  of 
some  quick  burning  explosive  suitably  placed,  or  confined  so  as  to  pro- 
duce vibrations  in  both  air  and  earth,  would  give  warning  to  a  very 
extensive  area,  and  in  such  manner  as  to  attract  attention  from  all  per- 
sons within  the  radius  of  vibration.     I  would  suggest  one  explosion  for 
rain  or  snow  storm,  two  explosions  in  quick  succession  for  severe  storm 
with  rain  or  snow,  and  two  explosions  with  15  or  20  seconds  interval 
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for  severe  and  sudden  fall  in  temperature,  or  for  frost.  I  think  any 
system  of  weather  signals  should  announce  only  the  unusual  and 
abnormal  features;  the  absence  of  the  signal  should  indicate  "fair," 
or  that  "  nothing  unusual  will  occur." 

As  to  the  daily  announcement  and  dissemination  of  the  36-hour 
general  forecasts  for  the  benefit  of  the  agricultural  districts,  I  believe 
it  can  only  be  successfully  accomplished  through  and  with  the  hearty 
co-operation  of  the  Post  Office  Department  and  by  means  of  the  press. 

Nearly  all  farmers  in  these  days,  especially  those  near  small  villages 
or  towns,  visit  or  send  to  the  nearest  post  office  every  day,  and  a  very 
large  percentage  of  them  read  a  daily  paper.     I  therefore  suggest : 

Ist.  An  appropriation  (specific)  for  the  necessary  telegraph  and 
telephone  messages  (nearly  every  region  can  now  be  reached  by  one 
or  the  other). 

2d.  Furnish  each  postmaster  with  a  simple  announcement  by  wire 
of  the  probable  weather  for  the  next  day  in  the  fewest  possible  words. 
Thus:  "Monday  31,  rain;"  or  "Monday,  31,  rain  in  afternoon;"  etc. 
The  date  might  be  omitted,  perhaps,  and  simply  the  day  of  week  used. 
Let  it  be  understood  that  the  absence  of  the  telegraphic  message  shall 
mean  "fair,"  and  the  cost  can  be  much  reduced. 

Then  provide  large  sheets  with  suitable  head  lines  on  which  the 
postmaster  shall  write,  with  crayon^  the  weather  announcement,  and 
post  it  on  the  regular  bulletin  boards  of  the  post  office. 

Let  it  be  once  well  understood  by  the  farmers  that  the  Government 
daily  telegraphs  the  forecasts  to  each  post  office,  and  the  people  will 
gen3rally  avail  themselves  of  the  opportunity  thus  given  to  know  of 
coming  changes  in  weather. 

Very  respectfully,  your  obedient  servant, 

B.  M.  PURSSELL, 

First  Lieutenant^  l^th  Infantry, 


Washington,  D.  C,  October  28,  1892. 
To  the  Chief  op  the  Weather  Bureau  : 

Sir:  Referring  to  memorandum  dated  the  25th  instant,  reciting 
defective  features  of  the  present  systems  of  weather  forecast  signals, 
and  calling  for  opinions  and  suggestions  calculated  to  remedy  the 
defects,  and  also  to  extend  the  benefits  of  the  forecasts  to  agricultural 
districts  remote  from  telegraph  and  telephone  lines,  I  have  the  honor 
to  report  as  follows : 

DISPLAY   SIGNALS. 

Flag  signals  are,  in  my  opinion  and  experience,  very  unsatisfactory. 
Few  persons  know  or  remember  the  combinations,  and  the  system  is 
expensive. 
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Whistle  signals  have  the  same  objection  as  regards  the  combinations, 
and,  in  addition,  they  cannot  be  depended  upon  for  large  areas,  owing 
to  variability  of  wind  direction. 

The  ball,  drum,  and  cone  system  is,  in  my  opinion,  the  best.  Form 
and  not  color  must  be  depended  upon  for  satisfactory  service.  The 
distinctiveness  of  the  signals  of  this  system  is  independent  of  the 
wind  force  and  direction,  and  they  do  not  become  indistinguishable 
as  a  result  of  deposits  of  dirt,  soot,  etc.  They  are  also  durable,  and, 
unlike  the  flags,  there  would  not  be  a  constant  expense  for  new 
material. 

TRANSMISSION   OF   FORECASTS. 

The  mail  service  can  be  utilized  only  for  small  areas  about  the  map 
or  bulletin  distributing  centers.  The  telegraph  and  telephone  present 
the  only  medium  of  communication  with  districts  remote  from  fore- 
casting stations. 

In  my  opinion  tlje  greatest  possible  number  of  post  offices  having 
telegraphic  or  telephonip  communication  should  be  made  display  sta- 
tions. Co-operation  with  the  Post  Office  Department  would  make  the 
prompt  display  of  signals  and  the  care  of  the  signal  material  a  part 
of  the  official  duty  of  the  postmaster. 

SUGGESTION. 

My  suggestion  for  improving  the  system  with  the  facilities  at  pres- 
ent available  is  that  form  signals,  say  the  ball,  drum,  and  cone,  be  used 
instead  of  flags.  I  would  also  suggest  that  in  case  the  Post  Office  De- 
partment can  be  induced  to  co-operate,  form  signals  and  the  apparatus 
necessary  for  their  display  be  furnished  postmasters  who  can  be 
reached  by  telegraph  or  telephone,  and  that  signals  be  displayed  upon 
postal  cars. 

By  this  plan  the  weather  signal  system  would  be  co-extensive  with 

the  growth  of  the  telegraph,  telephone,  and  railway  lines.     The  postal 

car  signals  would  reach  many  districts  remote  from  telegraph  offices 

and  towns  or  villages  early  in  the  day.     These  signals  could  be  placed, 

if  necessary,  by  observers  at  forecasting  centers. 

Very  respectfully, 

E.  B.  Garriott. 

O 


I 

1 


I 

i 


\ 


TJ.  S.  DEPARTMENT  OF  AGRICULTURE, 
WEATHER    BUREAU. 

BUIiliETIN  No;  8. 


REPORT 


ON    THE 


CLIMATOLOGY  OF  THE  COTTON  PLANT 


BY 


P.  H.  MELL,  Ph.  D., 

P«orK8S0B  or  Groi^ooy  and  Botany  ik  Alabama  Polytechnic  Institutk; 
DiBEOTOa  or  Alarama  Weather  Service. 


Pablifllied  by  authority  of  the  Secretary  of  Agriculture. 


WASHINGTON,  D.  C. : 

WEATHER  BUREAU. 

1803. 


! 


TJ.  S.  DEPAETMENT  OF  AGRICULTURE, 
WEATHER    BUREAU. 

BLi  UiBTIN  No.  8. 


REPORT 


ON   THE 


CLIMATOLOGY  OF  THE  COTTON  PLANT. 


BY 


P.  H.  MELL,  Ph.  D., 

PAoruflOR  or  Gsoloot  and  Botant  in  Alabama  Poltteohniq  Institute  ; 

DiRccTOR  Alabama  Wkather  Skrvice. 


Published  by  authority  of  the  Secretary  of  Agriculture. 


WASHINGTON,  D.  C: 

WEATHER  BUREAU. 

1893. 


LETTER    OF   TRANSMITTAL. 


U.  S.  Department  op  Agriculture, 

Weather  Bureau, 
Washingtoriy  D.  C,  December  15,  1892. 

Sir  :  I  have  the  honor  to  transmit  herewith  a  report  on  the  "  Clima- 
tology of  the  Cotton  Plant,"  by  Prof.  P.  H.  Mell,  of  the  Alabama 
Polytechnic  Institute,  and  to  recommend  its  publication  as  Weather 
Bureau  Bulletin  No.  8. 


Very  respectfully, 


Hon.  J.  M.  Rusk, 

Secretary  of  Agriculture. 


Mark  W.  Harrington, 
Chief  of  Weather  Bureau. 


LETTER    OF    SUBMITTAL. 


Alabama  Polytechnic  Institute, 

Auburn,  Ala.,  August  9,  1892. 

Sir  :  I  have  the  honor  to  submit  herewith  a  report  on  the  "  Clima- 
tology of  the  Cotton  Plant,"  prepared  at  your  request. 
Very  respectfully, 

P.  H.  Mell, 
Professor  of  Geology  and  Botany, 
Mark  W.  Harrington, 

Chief  of  Weather  Bureau. 
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INTRODUCTION. 

The  botanical  question  relating  to  the  cultivation  of  cotton  has 
been  one  of  great  interest  to  the  writer  for  a  number  of  years,  and 
he  entered  upon  the  study  of  the  climatology  of  the  subject  with 
more  than  an  ordinary  degree  of  pleasure.  As  the  work  developed, 
however,  it  became  more  and  more  apparent  that  limited  time  and 
the  vast  array  of  meteorological  data  would  prevent  anything  more 
than  simply  an  introduction  to  the  study  of  cotton  and  its  climate. 

It  is  proper  to  say  that  in  the  collection  of  the  data  for  the  writing 
of  this  pamphlet  liberal  use  has  been  made  of  numerous  United 
States  Grovernment  reports  and  publications,  the  files  of  the  "  Com- 
mercial and  Financial  Chronicle,"  many  agricultural  papers  and 
magazines,  and  books  relating  to  the  cultivation  of  cotton  in  the 
United  States  and  in  foreign  countries.  Valuable  advice  and  counsel 
have  also  been  rendered  by  Dr.  J.  T.  Anderson,  assistant  state  chemist 
of  Alabama,  and  valuable  assistance  in  the  preparation  of  meteoro- 
logical data. 

The  following  planters  and  meteorological  observers  and  scientists 
have  also  furnished  useful  information :  From  Virginia,  J.  N.  Ryker, 
assistant  director  State  Weather  Service,  R.  V.  Gaeves;  from  South 
Carolina,  W.  J.  Hinson,  E.  R.  Mclver,  Dr.  A.  P.  Battle,  director  State 
Weather  Service,  J.  A.  Peterkin;  from  Georgia,  J.  K.  Dixon,  H.  W. 
Blount,  Col.  R.J.  Redding,  director  Agricultural  Experiment  Station, 
J.  A.  Law,  S.  E.  Lewis,  J.  A.  Chapman,  D.  M.  Wade,  R.  L.  Rhodes,  J. 
F.  Wilson,  Park  Morrill,  director  State  Weather  Service,  S.  M.  Bar- 
nett,  J.  L.  Cutler,  S.  A.  Cook;  from  Florida,  Livingston  Vann,  E.  R. 
Demain,  director  State  Weather  Service,  H.  W.  Long,  Dr.  J.  P.  De- 
Pass,  director  Agricultural  Station ;  from  Mississippi,  R.  J.  Hyatt, 
W.  E.  Butler;  from  Louisiana,  D,  N.Harris,  L.  J.  Dodge,  W.  W. 
Wall,  Dr.  W.  M.  Guice,  Dr.  E.  A.  Crawford,  G.  E.  Hunt,  director 
State  Weather  Service,  Prof.  W.  C.  Stubbs,  director  Agricultural  Sta- 
tion, G.  W.  Whitworth,  L.  D.  Martin,  A.  F.  Thanpeau,  M.  J.  Wright, 
jr.;  from  Tennessee,  G.  W.  Lasater,  Prof.  C.  F.  Vanderford,  assistant 
director  Agricultural  Experiment  Station,  J.  B.  Marbury,  director 
State  Weather  Service,  C.  W.Anderson;  from  Texas,  Prof.  Duncan 
Adriance,  meteorologist  Agricultural  Experiment  Station ;  from  Ar- 
kansas, R.  L.  Bennett,  director  Agricultural  Experiment  Station,  E. 
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H.  Clarke,  assistant  director  State  Weather  Service ;  from  Missouri, 
J.  H.  Smith,  assistant  director  State  Weather  Service. 

L— HISTORY  OF  THE  COTTON  PLANT  AND  ITS  SPECIES. 

The  cotton  belongs  to  a  large  family  of  plants  called  Malvaceae,  and 
is  represented  by  more  than  fifty  species.  Only  about  six  or  eight  of 
these  species,  however,  are  of  special  commercial  value,  and  from  these 
the  fiber  of  the  world  is  produced.  Among  this  number  may  be  men- 
tioned the  following  as  representing  the  most  important: 

1.  Gossypium  hahma,  or  Egyptian  cotton. 

2.  Gossypium  barhadense^  also  called  Gossypium  nigrum^  sea-island 
cotton,  long-staple  cotton,  and  black-seed  cotton. 

3.  Gossypium  herbaceum,  also  called  Gossypium  alburn^  short-staple 
cotton,  upland  cotton,  and  green-seed  cotton. 

These  species  have  been  again  divided  into  a  large  number  of  so- 
called  varieties,  that  have  been  produced  by  accidental  crossings  be- 
tween species  exposed  to  each  other  in  neighboring  fields  years  ago, 
until  now,  under  peculiar  conditions  of  cultivation  and  changes  of 
climate  the  specific  characteristics  have  been  largely  concealed,  and  it 
is  somewhat  doubtful  whether  the  upland  cotton  is  Gossypium.  hrrba- 
ceum  or  the  mingling  of  several  species. 

Gossypiuvi  bahma  originated  in  Egypt  many  years  since,  and  was 
produced  through  an  accidental  hybrid  from  the  Hibiscus  esculentus 
with  the  native  Egyptian  cotton. 

The  Gossypium  barbadense,  or  sea-island  cotton,  came  originally 
from  Persia,  from  which  country  it  was  transplanted  to  the  Island  of 
Anguilla,  then  to  the  Bahama  Islands,  and  subsequently  to  the  coasts 
of  South  Carolina  and  Georgia  and  East  Florida.  This  plant  has 
been  grown  with  various  degrees  of  success  for  many  years  on  the 
islands  of  Edisto,  Saint  Simons,  Jekyl,  and  Skidaway ;  but  it  has 
never  reached  that  degree  of  development  and  extent  of  cultivation 
that  has  been  accorded  the  upland  cottons. 

The  Gossypium  herbaceum,  or  green-seed  cotton,  is  the  name  gen- 
erally applied  to  all  plants  grown  in  the  interior  of  the  cotton  belt, 
although  I  am  inclined  to  the  belief  that  an  investigation  will  prove 
that  the  upland  cotton  is  the  blending  of  several  species.  It  is  quite 
difficult  to  give  the  exact  origin  of  the  Gossypium  herbaceum,  as  many 
sources  have  been  claimed  for  it.  Some  of  the  authorities  have  referred 
it  to  an  offspring  from  the  Brazilian  cotton,  while  others  with  equal 
positiveness  assert  that  it  came  from  the  Mexican  stock,  and  hence 
have  given  it  the  common  name  of  "  Mexican  cotton."  There  is  every 
reason  to  believe,  however,  that  the  plant  has  long  been  acclimated  to 
its  present  home,  and,  as  already  stated,  has  undergone  many  changes 
that  have  been  brought  about  largely  through  climatic  conditions. 
From  its  more  or  less  shrubby  form,  it  is  supposed  by  some  authorities 
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to  have  been  tree-like  in  its  early  history  and  not  an  annual  as  it  is 
now.  In  support  of  this  idea  it  is  well  known  that  in  some  portions 
of  the  cotton  belt  the  plant  assumes  sometimes  almost  the  size  of  a 
tree  and  its  stem  becomes  decidedly  shrubby.  Its  habitat,  however, 
over  the  entire  South  has  reduced  it  to  an  annual,  and  the  seed  is 
planted  and  the  fiber  is  matured  between  the  last  frost  of  spring  and 
the  first  frost  of  autumn. 

It  is  said  by  those  who  claim  that  the  original  plants  came  from 
Mexico,  that  in  the  early  part  of  the  present  century  the  United  States 
Minister  then  at  the  court  of  Mexico  noticed  this  species  of  cotton 
growing  in  a  comparatively  wild  state  in  that  country,  and  whenever 
it  was  subjected  to  cultivation  the  resulting  fiber  was  long,  white,  and 
beautiful.  He  requested  permission  of  the  Mexican  Government  to 
transport  some  of  the  seeds  to  his  countiy  for  the  purpose  of  experi- 
menting with  it  to  determine  if  it  could  be  successfully  grown  in  the 
United  States.  This  request  was  refused."  At  a  state  dinner  subse- 
quently, however,  the  subject  of  cotton  and  its  cultivation  was  intro- 
duced, and  in  the  progress  of  the  conversation  the  minister  was  in- 
formed that  no  objection  would  be  raised  to  his  exporting  as  many 
(lolls  to  his  country  as  he  might  desire.  He  immediately  took  the 
hint,  and  had  a  large  number  of  dolls  stuffed  with  the  cotton  seed  and 
lint  that  he  succeeded  in  securing  from  the  most  healthy  and  vigorous 
plants.  These  dolls  were  sent  to  Washington  and  the  cotton  seeds 
were  distributed  over  the  Southern  States,  and  in  years  after  became 
the  cotton  plant  of  the  South.  The  accuracy  of  this  incident  is  not 
vouched  for,  but  it  has  received  considerable  credence  in  the  south- 
western portions  of  the  cotton  belt,  and  it  is  simply  given  as  a  matter 
of  interest  in  this  connection. 

It  is  also  stated  by  a  few  authorities  that  the  Gossypium  herbaceum 
came  originally  from  the  coasts  bordering  the  Mediterranean  and  from 
portions  of  Asia  Minor.  From  a  speech  delivered  by  W.  B.  Seabrook, 
president  of  the  Soufh  Carolina  Agricultural  Society,  in  1843,  the 
following  extracts  are  taken  as  interesting  in  connection  with  the  dis- 
cussion of  the  origin  of  the  green-seed  cotton : 

As  a  preliminary  point  it  may  be  asked  whence  came  the  seed  of  this  cotton,  now  so 
extensively  cultivated  in  the  United  States?  This  question  is  probably  not  susceptible 
of  a  positive  and  unexceptionable  answer.  That  it  was  not  brought  from  India  is  per- 
haps obvious.  The  policy  of  the  East  India  Company,  who  obtained  their  monopoly 
in  the  year  1600,  was  unquestionably  adverse  to  the  exportation  of  cotton  seed.  Indi- 
viduals would  scarcely  have  deemed  it  necessary  to  draw  from  the  distant  East  that 
which  was  obtainable  much  nearer  home,  and  of  a  quality,  too,  greatly  to  be  preferred. 
As  the  trade  in  the  raw  material,  during  the  larger  portion  of  the  period  alluded  to, 
was  confined  to  the  Mediterranean,  it  was  a  legitimate  inference,  in  the  absence  of  posi- 
tive proof,  that  from  that  quarter  the  nations  of  Europe  owning  possessions  in  the 
western  hemisphere  respectively  introduced  into  them  the  new  culture.  This,  perhaps, 
was  especially  true  of  the  Low  Countries  and  of  England,  as  in  1560  the  former  con- 
stituted the  depot  for  cotton  goods  from  the  Levant ;  and  the  Turkish  trade,  of  which 
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Smyrna  was  the  seat,  was  at  the  time  of  which  we  speak  the  most  important  to  the  lat- 
ter. Peter  Purry  is  represented  to  have  brought  with  him,  among  other  seeds,  that  of 
cotton.  [Peter  Purry  settled  in  South  Carolina  in  1731,  during  the  administration  of 
Governor  Robert  Johnson.]  This,  and  a  paper  of  the  same  material  received  by  the 
Trustees  for  the  settlement  of  Georgia,  from  Phillip  Miller,  of  Chelsea,  England,  it  can 
be  scarcely  questioned,  were  from  the  Mediterranean.  In  a  pamphlet  entitled  "Ameri- 
can Husbandry,"  published  in  London  in  1776,  the  writer  remarks  that  '*  the  cotton 
cultivated  in  our  colonies  is  of  the  Turkish  kind."  On  the  other  hand,  it  must  be  sup- 
posed from  the  language  of  their  historian  that  the  Cape  Fear  emigrants,  who  began  the 
growing  of  the  gossypiufn  only  two  years  after  they  had  established  their  settlement^ 
were  provided  with  seeds  from  Barbadoes.  The  vicinity  of  the  West  Indies,  the  profit- 
ableness of  the  cotton  crop,  the  varieties  of  the  plant,  which  at  an  early  period  were 
cultivated  in  those  islands,  all  render  it  nearly  certain  that  from  thence  was  drawn  a 
portion  of  the  supply  with  which  the  people  from  time  to  time  were  provided. 

Between  1786  and  1795  cotton  from  various  parts  of  the  world  was  introduced  into 
the  Southern  States  and  Louisiana.  A  species  of  the  white  Siam  was  for  some  time  the 
subject  of  experiment  by  the  French  in  the  latter  country.  The  "  Nankeen "  came 
from  Malta.  The  **  Bourbon  "  was  brought  from  that  island  to  Charleston  through  the 
instrumentajity  of  James  Hamihon,  who  was  a  merchant  and  part  owner  of  the  only 
India  ship  at  that  time  trading  beyond  the  Cape  of  Good  Hope.  The  **  Pernambnco" 
or  **  kidney  cotton  "  was  sent  from  Havana  to  Mr.  Levett  of  Georgia,  by  a  Mr.  Welch, 
a  merchant  in  Philadelphia.  These,  and  many  other  sorts,  after  a  fair  trial,  were 
abandoned,  for  the  reason  of  their  inferiority  to  the  kinds  then  profitably  raised,  viz., 
the  real  green  seed  and  the  black  seed  or  sea  island  cotton,  the  latter  having  superseded 
the  plant  that  was  grown  at  the  period  of  the  Revolution,  which  strongly  resembled  the 
short  staple  in  growth  and  blossom,  except  having  a  clear  black  seed  with  fur  at  the  end. 
From  this  brief  notice  of  the  quarters  whence  different  cottons  were  received  in  this 
country  we  have  satisfactory  reasons  for  concluding,  that  to  the  Mediterranean  and  Asia 
Minor  we  are  mainly  indebted  for  the  particular  species  of  gossypium  which  has  been 
the  subject  of  investigation.  Of  the  two  kinds  from  which  the  green  seed  is  derived, 
the  herbaceum  is  clearly  of  Eastern  origin,  and  the  hirsuium  also  probably,  though  it  is 
positively  asserted  to  be  a  native  of  the  West  Indies. 

From  all  the  testimony  x^resented  on  the  subject  of  the  origin  of 
the  present  green  seed  cottons,  from  which  nine-tenths  of  the  staple 
of  the  South  is  obtained,  it  seems  more  than  probable  that  this  plant 
is  the  result  of  frequent  hybridizing  between  various  species  of  the 
gossypium  through  a  long  period  of  years.  The  peculiar  soil  of  the 
South,  together  with  its  characteristic  climate  and  the  methods  of 
cultivation  universally  used  by  the  planters  for  more  than  one  hun- 
dred years,  have  much  to  do  with  changing  the  plant  to  what  is  now 
known  as  Gossypium  herbaceum.  What  the  plant  was  when  first  intro- 
duced we  can  only  conjecture ;  nor  can  it  be  positively  asserted  that 
it  is  not  indigenous  to  the  South.  That  it  has  undergone  great 
changes  within  one  hundred  years  there  can  be  no  doubt,  as  is  well 
indicated  by  the  large  number  of  so-called  varieties  that  have  been 
brought  before  the  farmers  within  the  past  thirty  years.  That  cli- 
mate has  had  much  to  do  with  this  no  one  can  deny. 

Thirty  or  forty  years  after  the  first  authentic  cultivation  of  the 
green  seed  cotton,  some  farmers  living  in  the  State  of  Mississippi, 
near  the  Mississippi  River,  discovered  that  under  peculiar  methods 
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of  cultivation  the  plant  would  thrive  and  produce  a  very  superior 
grade  of  fiber.  They  also  found  that  by  carefully  selecting  the  seeds 
from  these  special  plants  and  planting  them  under  the  best  condi- 
tions the  quality  of  the  fiber  was  greatly  improved.  This  method 
gave  rise  to  the  first  variety  of  the  upland  or  green  seed  cotton  that 
was  named  "  Petit  Gulf,"  after  a  little  quiet  bay  formed  by  the  Mis- 
sissippi River  in  that  State.  The  demand  for  that  seed  became  great 
at  once,  enriching  the  farmers  who  first  handled  it,  and  encouraged 
other  planters  throughout  the  South  to  experiment,  until  now  there 
are  more  than  thirty  so-called  varieties  known. 

THE    EXTENT    OF    THE    COTTON    BELT. 

At  the  opening  of  the  war  between  the  States  in  1861,  the  cotton 
region  of  the  United  States  included  South  Carolina,  Georgia,  and 
Florida  north  of  latitude  27°,  Alabama,  Mississippi,  Louisiana,  south- 
ern portion  of  Tennessee,  Arkansas  south  of  latitude  35°,  and  Texas 
between  the  Gulf  of  Mexico  and  34°  north  latitude.  A  small  part 
of  North  Carolina  might  also  be  included  in  this  area,  but  in 
this  State  the  planting  and  cultivating  of  cotton  was  quite  limited  in 
1858.  Up  to  1860  this  belt  was  being  gradually  extended  east,  west, 
and  north.  In  the  east  it  had  reached  the  coast  of  North  Carolina 
and  had  extended  westward  as  far  as  some  of  the  southwestern  counties 
on  the  Rio  del  Norte  in  Texas.  The  planting  in  Tennessee  had  not 
extended  much  beyond  the  middle  of  the  State.  The  counties  lying 
immediately  around  Memphis  were  generally  considered  to  have  the 
best  soils  for  this  purpose,  and  prior  to  1860  produced  the  largest  pro- 
portion of  the  cotton  raised  in  Tennessee. 

The  line  running  across  the  United  States  a  little  north  of  the  thirty- 
sixth  parallel  will  about  designate  the  northern  limits  of  the  cotton 
region  at  the  close  of  1860,  and  the  southern  limit  about  coincided 
with  the  twenty-ninth  parallel  (see  Chart  VII).  After  the  close  of 
the  war,  when  the  high  pripe  of  cotton  stimulated  its  cultivation, 
the  farmers,  not  onl}^  throughout  the  belt  already  indicated,  but 
planters  beyond  the  northern  limits,  cultivated  large  areas  and 
attempted  to  force  the  plant  to  perfect  its  fruit,  by  the  use  of  fertil- 
izers, before  the  occurrence  of  frosts.  But  all  attempts  to  carry  the 
cultivation  of  cotton  much  beyond  the  State  of  Tennessee  have  proved 
failures,  and  to-day  the  cotton  belt  is  not  materially  extended  beyond 
what  it  was  in  1860. 

Chart  VII,  copied  from  the  Tenth  Census,  vol.  5,  shows  the  extent 
of  the  cotton  belt  in  1882.  The  shading  gives  the  varying  intensity 
of  cotton  culture  as  compared  with  the  total  land  area.  In  com- 
menting on  this  map  Dr.  Hilgard,  the  special  agent  for  the  Census 
Bureau,  says : 

The  regions  of  high  percentage  devoted  to  cotton  (10  to  20  per  cent,  of  the  total  area) 
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are  confined  almost  exclusively  to  the  central  portions  of  Mississippi,  Alabama,  and 
Georgia,  the  cotton  acreage  averaging  above  65  acres  per  square  mile  within  the  respec- 
tive areas.  Small  patches  (representing  counties)  of  the  same  occur  in  North  Carolina, 
Tennessee,  and  Texas. 

Regions  of  maximum  intensity  of  cotton  culture  above  20  per  cent,  of  the  total  area 
form  two  prominent  belts  (shown  by  the  deepest  shades  of  color)  one  lying  along  the 
Mississippi  River  within  the  alluvial  region,  while  the  other  embraces  the  black  pmii-ie 
region  from  northeastern  Mississippi,  southeastward  nearly  through  the  central  portion 
of  Alabama.  The  cotton  acreage  within  these  belts  averages  180  acres  per  square  mile, 
and  upon  them  was  produced  in  1879  about  753,550  bales  of  cotton.  A  penumbral  re- 
gion of  very  sparse  culture  is  seen  almost  to  surround,  both  inland  and  along  the  coast, 
the  cotton-producing  portion  of  the  States,  while  outlying  areas  (representing  isolated 
counties)  occur  in  Kentucky.  Cotton  culture  in  Florida  is  chiefly  confined  to  that  part 
of  the  State  lying  adjacent  to  Georgia.  This  is  mostly  pine  land,  and  is  cultivated  with- 
out manure;  hence  the  low  product  (»f  leas  than  a  quarter  of  a  bale  per  acre.  No  cot- 
ton is  returned  from  that  portion  of  the  state  lying  south  of  Tampa  Bay,  and  but  little 
from  the  coasts,  as  well  as  from  the  extreme  western  part.  A  considerable  proportii)n 
of  this  product  is  long-staple  or  sea-island  cotton,  of  which  the  State  produces  nearly 
the  entire  supply  at  present.  The  cotton  production  of  Tennessee  is  concentrated  upon 
a  comparatively  small  area  of  highly  productive  lands,  the  rest  being  devoted  prefer- 
ably to  grain,  grasses,  tobacco,  and  other  industries,  to  which  the  soils  and  climates  are 
more  specially  adapted.  A  discussion  of  the  returns  shows  that  52  per  cent,  of  the  cot- 
ton product  of  Texas  is  grown  in  the  northeastern  portion  of  the  State,  north  of  the 
thirty -second  parallel  and  east  of  the  ninety-eighth  meridian,  and  that  within  this  region 
the  production  is  highest  in  the  counties  adjoining  Red  River,  the  product  averaging 
0.54  bale  per  acre.  South  of  the  thirty-second  parallel  the  average  yield  is  0.84  bale 
per  acre.  The  coast  counties  produce  but  little  cotton;  inland,  between  Red  River  and 
San  Antonio,  about  34  per  cent,  of  the  total  product  is  grown  on  black  prairie  land. 

In  another  part  of  the  volume  above  mentioned,  Dr.  James  M.  Saf- 
ford,  in  writing  concerning  Tennessee,  says : 

The  latitude  of  Tennessee  is  such  that  a  fall  of  two  degrees  of  temperature  in  the 
northern  part  of  the  State  might  cause  a  killing  frost,  resulting  in  the  destruction  of  the 
cotton  plants,  while  the  same  fall  in  the  southern  part  would  leave  them  intact  The 
length  of  the  growing  season  for  cotton  is,  at  the  best,  short  enough  in  the  southern 
part  of  the  State,  and  where  so  slight  a  change  of  temperature  produces  such  results  we 
can  readily  see  how  in  the  northern  part  it  may  be  generally  too  short  for  full  crops, 
which  in  reality  it  is.  It  amount.s  nearly  to  the  same  thing  to  say  that  the  margin  of  the 
cotton-growing  section  of  the  country  runs  through  Tennessee.  In  an  inspection  of  the 
map  showing  percentage  of  aggregate  areas  in  cotton,  as  compared  with  the  entire  area 
of  any  given  region,  it  is  seen  that  the  counties  in  Tennessee  which  plant  and  produce 
the  most  cotton  are  strikingly  the  most  southerly  ones,  and  that  from  these  the  production 
decreases  almost  uniformly  as  we  go  north.  This  is  especially  so  in  West  Tennessee. 
Now,  in  explanation  of  this,  in  part,  at  least,  it  is  to  be  noted  that  the  isotherms,  or 
lines  of  equal  temperature,  for  spring  and  fall  extend  west-northwest  through  the  State, 
say  parallel  with  a  line  running  through  Chattanooga  and  Trenton  or  thereabout  This 
shows  the  southwestern  corner  to  be  the  warmest,  and  here  is  our  greatest  center  of  cotton 
culture.  The  greater  warmth  stimulates  the  cotton,  and  by  throwing  back  the  killing 
frosts  increases  the  length  of  the  growing  season.  The  soils  have  their  influencct  but 
that  they  are  not  dominant  in  this  distribution  of  percentage  culture  is  shown  by  the 
fact  that  as  we  go  north  the  decrease  occurs,  though  the  soils  and  elevation  remain 
essentially  the  same.  It  is  also  noteworthy  that  as  we  go  eastward  from  each  of  the  two 
centers  of  cotton  culture  (the  southwesterly  corner  of  the  State  and  the  southern  part  of 
the  central  basin)  the  percentage  of  cotton  culture  rapidly  decreases.  The  temperature 
and  higher  elevation  obviously  have  much  to  do  with'  this  decrease. 
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Dr.  R.  H.  Loughridge,  in  the  same  work  already  quoted  from,  makes 
the  following  comments  concerning  the  extent  of  cotton  growth  in 
Texas  in  1880 : 

In  1869  the  region  of  cotton  cultivation  extended  nearly  half  way  across  the  State  from 
east  to  west,  and  embraced  in  its  limits  about  108,000  square  miles,  or  about  41  per 
cent,  of  the  land  area.  A  line  marking  its  western  limit  would  pass  southward  from 
Red  River,  through  the  counties  of  Montague,  Wise,  Parker,  Erath,  and  Hamilton  to 
Atascosa,  and  thence  eastward  to  Matagorda  County. 

A  line  marking  the  limit  for  1879  would  pass  from  Red  River,  in  Wichita  County, 
southwest  into  Jones  and  Taylor,  and  south  through  Coleman,  McCulloch,  Mason,  Eerr, 
Bandera,  and  Uvalde  to  the  Nueces  River,  which  it  would  follow  nearly  to  the  Gulf. 
Small  spots  of  cotton  production  (49  acres  altogether)  occur  also  on  the  Rio  Grande  in 
Cameron  and  Hidalgo  counties. 

As  will  be  hereafter  shown,  there  is  no  reason  to  believe  that  the 
area  of  the  cotton  belt  has  extended  much  beyond  the  western  limit 
given  by  Dr.  Loughridge  in  the  aboye  extract.  We  may,  therefore, 
conclude  that  the  outlines  on  the  map  practically  limit  the  cotton 
belt  in  1891.  The  penumbral  shades  are  of  little  importance  in  the 
discussion  of-  the  climatological  effects  on  the  cotton,  because  these 
outlying  areas  are  only  the  sections  where  the  cultivation  of  the  plant 
is  conducted  under  the  most  favorable  conditions  of  the  seasons.  It 
must  be  understood  that  these  exceptions  apply  only  to  the  extreme 
northern  and  western  limits  and  not  to  the  lighter  shades  located  in 
the  interior  of  the  cotton  belt.  Here  other  causes  must  be  considered 
to  explain  the  small  production  of  the  staple.  Among  the  number 
may  be  mentioned  the  character  of  the  land  as  well  as  the  elevation. 

The  use  of  commercial  fertilizers  has  greatly  improved  the  qualities 
of  the  cotton  and  made  it  possible  to  cultivate  lands  that  were  here- 
tofore considered  inadequate  to  the  demands  of  the  plant.     Before 
the  late  war  it  was  the  custom  among  southern  farmers  to  cultivate 
a  piece  of  land  until  its  natural  resources  were  about  exhausted  and 
then  clear  up  a  new  piece  from  the  native  forests  that  then  covered 
the  largest  portions  of  the  Southern   States.     The  old   fields  were 
turned  out  to  grow  up  in  pines  or  left  to  waste  still  more  under  the 
influence  of  the  washing  rains  of  winter,  until  the  whole  cotton  re- 
gion in  1860  seemed  to  b6  one  vast  belt  of  exhausted,  badly  washed 
lands.    Since  the  use  of  fertilizers  became  so  universal,  however,  at- 
tempts have  been  made  to  reclaim  these  wornout  lands,  and  to-day 
many  plantations  in  South  Carolina,  Georgia,  and  Alabama,  that 
were  cultivated  in  1865  and  considered  to  be  practically  ruined,  have 
now  been  almost  reclaimed  and  under  favorable  conditions  are  pro- 
ducing nearly  as  good  results  as  when  in  their  virgin  state.     This  has 
been  brought  about  by  the  restoration  of  the  cotton  seed  to  the  lands 
as  well  as  in  the  use  of  commercial  fertilizers. 

It  must  not  be  understood  from  what  has  been  said  that  all  lands 
in  the  cotton  belt  prior  to  1860  were  used  for  cotton  culture,  but,  on 
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the  contrary,  it  was  found  by  experience  that  certain  soils  were  better 
adapted  to  its  growth  than  others.  For  instance,  the  "  Black  Belt " 
of  Alabama,  or  the  cretaceous  formation,  that  passes  across  the  mid- 
dle portions  of  the  State,  monopolized  the  cotton  cultivation  in  that 
portion  of  the  South  and  little  cotton  planting  was  done  outside  of 
that  region,  or  north  of  the  thirty-third  parallel.  These  lands  were  so 
rich  in  all  the  elements  that  perfect  the  plant  that  it  was  deemed  un- 
necessary, until  within  the  past  few  years,  to  use  fertilizers  of  any  char- 
acter. The  production  was  generally  a  bale  to  the  acre  and  sometimes 
as  much  as  a  bale  and  half  "to  the  acre.  But  the  constant  cultivation 
of  these  lands  without  returning  what  had  been  taken  from  them  has 
greatly  impoverished  what  has  heretofore  been  considered  to  be  the 
richest  and  most  valuable  property  in  the  world.  The  planters  are 
now  beginning  to  use  fertilizers  in  this  region  and  an  effort  is  being 
made  to  restore  the  lands  to  their  former  remarkable  productiveness. 
Dr.  Hilgard,  in  speaking  of  these  soils,  says : 

From  the  Chattahoochee  west  to  the  Nueces  River  of  Texas,  calcareous  soils  are  widely 
prevaleDt;  and  the  parallel  map  of  intensity  of  cotton  production  shows  a  marked  in- 
crease of  the  cotton  culture  whenever  one  of  these  calcareous  belts  is  reached. 

East  of  the  Chattahoochee  and  northeastward  to  the  James  few  prominently  calcare- 
ous soil  areas  are  met  with,  and  all  such  are  rather  local  and  of  small  extent.  The 
soils  here,  being  derived  from  the  eastern  slope  of  the  Alleghanies,  are  prevalently  of  a 
light  siliceous  character,  and  below  the  break  of  the  highlands  into  the  coast  plains  (or 
what  is  popularly  known  as  *' the  falls  of  the  rivers'^)  they  are  but  rarely  influenced  by 
the  underlying  tertiary  marls.  They  are  mostly  what  in  a  wide  application  of  the 
term  might  be  termed  '* alluvial"  soils,  chiefly  of  early  quaternary  origin;  and,  aside 
from  the  narrow  *'live  oak  belt"  of  the  immediate  coast,  the  long-leaf  pine  is  their 
characteristic  tree.  This  pine,  as  analysis  shows,  is  everywhere  an  indication  of  soils 
poor  in  lime,  and  experience  shows  that  until  the  use  of  fertilizers  becomes  part  of  the 
agricultural  system  only  the  bottom  lands  of  a  long-leaf  pine  area  are  usually  utilized  for 
cotton  production.  Hence  the  great  pine  belts  of  the  Gulf  coast  produce  but  very  little 
cotton,  while  on  the  Atlantic  border,  with  the  use  of  fertilizers,  the  culture  is  more  ex- 
tended. 

Inland  the  proportion  of  lime  in  the  soils  usually  increases,  and  correspondingly  the 
long-leaf  pine  gradually  gives  way  to  the  short  leaf  species  and  an  increasing  proportion 
of  oaks  and  hickories,  until  finally  the  latter  only  occupy  the  ground.  With  local  modi- 
fications, this  order  of  things  holds  good  pretty  generally  from  Virginia  to  eastern  Lou- 
isiana, but  by  far  most  strikingly  so  in  the  Gulf  States  east  of  the  Mississippi.  In  the 
bottom  plain  of  the  latter,  near  the  line  between  Arkansas  and  Louisiana,  we  find  the 
maximum  cotton  production  on  natural  soils  on  the  highly  calcareous  and  otherwise  also 
profusely  fertile  "buckshot"  soils  of  the  great  valley,  with  which  only  some  of  those  of 
Red  River  bottom  can  dispute  precedence.  Under  their  influence  cotton  cultivation  is 
carried  far  into  Missouri,  while  in  the  hill  country  to  the  eastward  and  westward,  in 
Kentucky  and  in  northwestern  Arkansas,  it  forms  but  a  subordinate  feature.  In  Texas 
again  the  tertiary  and  cretaceous  prairie  regions  produce  the  bulk  of  upland  cotton, 
while  in  the  coast  prairie  region  the  river  bottoms  are  almost  alone  employed  in  its  pro- 
duction thus  far;  and  westward  of  the  cretaceous  prairie  region,  where  the  rainfall  be- 
comes more  scanty,  it  has  not  yet  had  time  to  establish  itself  on  a  permanent  footing, 
save  locally. 

In  other  portions  of  the  South  the  lands  selected  by  the  planters  in 
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1860  as  those  best  suited  for  the  production  of  cotton  were  those  of  a 
soft,  deep  mold  in  which  the  color  was  darkened  by  a  due  admixture 
of  decaying  vegetable  matter,  a  medium  between  spongy  and  sandy 
soils.  These  lands  were  generally  found  on  creek  and  river  bottoms. 
So  it  must  be  remembered  that  although  cotton  was  planted  on  every 
plantation  in  the  cotton  belt,  still  there  was  a  large  proportion  of  the 
land  throughout  the  country  that  was  considered  poorly  adapted  to  its 
cultivation.  It  is  now  generally  understood  that  any  land  in  the 
belt  that  contains  the  necessary  ingredients  in  an  available  form,  and 
that  is  well  drained,  can  be  made  to  produce  excellent  grades  of  cot- 
ton. The  loose,  sandy  soils  of  the  coast  regions,  that  were  formerly 
thought  to  be  unfit  for  profitable  cotton  culture,  are  now  producing 
well  under  modern  treatment.  This  may  be  said  with  equal  force 
concerning  the  heavy  clay  lands  of  the  hilly  regions. 

II.- A  GENERAL  DISCUSSION.  OF  THOSE  COUNTRIES  WHERE  COTTON 

IS  CULTIVATED  TO  ANY  EXTENT. 

In  the  discussion  of  the  question  of  climatic  effects  on  the  growth 
and  successful  cultivation  of  cotton,  it  will  be  interesting  to  compare 
the  climates  of  those  countries  where  the  plant  seems  to  be  indigenous 
with  that  of  the  Southern  United  States.  I  have  selected  for  this 
purpose  some  of  the  most  important  of  those  countries  where  climatic 
data  are  available. 

In  making  this  comparison  special  attention  is  called  to  the  fact 
that  in  no  other  country  do  we  find  such  uniform  distribution  of  rain 
throughout  the  year  as  we  note  in  this  southern  land.  And  the  grad- 
ual changes  of  temperature  here  during  the  summer  months  are  more 
advantageous  to  the  well-being  of  the  tender  cotton  plant  than  are  to 
be  found  in  any  other  country  on  the  globe,  so  far  as  the  writer 
knows.  It  is  unfortunate,  however,  that  more  extensive  meteorolog- 
ical data  from  these  foreign  countries  where  cotton  is  cultivated  can 
not  be  secured  so  as  to  bring  out  the  points  of  comparison  in  more 
striking  manner  than  is  possible  with  such  meager  reports. 

WEST   INDIES. 

The  temj)erature  in  this  country  ranges  between  77°  and  82°,  and 
frosts  are  but  seldom  known.  A  short  wet  season  begins  in  April  and 
lasts  from  two  to  six  weeks,  followed  by  a  dry  season,  when  the  ther- 
mometer remains  almost  stationary  at  80°.  The  heat  is  very  oppres- 
sive during  July  and  August,  and  the  summer  is  very  dry.  The  great 
rainy  season  begins  October  1  and  lasts  until  December,  when  a  dry 
spell  follows,  lasting  until  April  1.  The  annual  rainfall  is  63.00 
inches.  At  Barbadoes  the  following  record  of  temperature  has  been 
secured  that  shows  very  uniform  results : 
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Jauiiary  78.0  September 82.1 

February  78.0  October «2.  2 

March 79. 1  November 81.8 

April 78.  2  December  79.8 

May   79.6  Spring  79.2 

June 78.1  Summer 78.6 

July  79.0  Autumn 82-1 

August 78.5  Winter 78-5 

The  mean  annual  temperature  is  79.6°.  The  maximum  is  87°  and 
the  minimum  is  75°.     The  annual  rainfall  is  57.74  inches. 

BRITISH    INDIA. 

It  is  thought  that  cotton  is  indigenous  to  the  soil  of  this  country. 
The  cultivation  has  been  carried  on  for  many  years  with  various  de- 
grees of  success.  It  is  believed  by  some  authorities  that  the  cotton 
plant  came  originally  from  this  country,  passing  through  Persia, 
Arabia,  and  Asia  Minor,  and  probably  to  America.  Upon  this  point, 
however,  there  is  much  doubt. 

Commissioner  Young,  in  his  account  of  the  cotton  industry  ex- 
hibited at  the  Paris  Exposition  in  1878,  comments  as  follows  concern- 
ing the  cotton  in  India : 

The  samples  of  cotton  from  Mahratta,  in  India,  and  Dbarwar,  attracted  my  attention, 
as  they  seemed  to  be  superior  to  most  of  the  other  Indian  cottons.  They  are  clean, 
bright  cottonSf  but,  like  most  of  the  Indian  cottons,  coarse  and  short.  From  this  ex- 
hibition I  learned  that  the  cotton  of  all  or  nearly  all  of  the  Indian  provinces  has  been 
greatly  improved  by  the  introduction  of  American  seed.  It  was  in  Dharwar  that  our 
American  planters  obtained  the  greatest  success,  and  I  am  told  that  the  entire  crop  in 
this  province  is  now  from  seed  originally  Ameiican.  These  districts  are  reported  to 
enjoy  a  climate  resembling  that  of  the  American  Gulf  States,  never  excessively  dry  and 
never  overflowed  with  excessive  rains.  In  1844  there  were,  it  is  said,  1,200  acres 
planted  in  American  seed;  in  1848  between  18,000  and  20,000;  and  in  1860  the  crop 
was  said  to  be  over  2,000,000  pounds.  When  the  American  war  of  secession  seemed 
inevitable,  England  proposed  again  to  husband  the  production  of  cotton  in  India,  for  it 
appears  that,  for  some  reason,  the  American  planters  who  had  been  employed  years 
previously  to  instruct  the  people  of  India  in  the  culture  of  cotton  had  left  the  country 
and  returned  to  their  homes,  and  that  after  their  departure  the  production  seemed  to 
diminish,  while  the  improved  implements  of  agriculture  which  had  been  introduced  by 
them  had  been  thrown  away,  or  at  least  passed  out  of  use  by  the  natives.  One  author 
states  that  some  English  plows  were  introduced  by  the  agent,  when  at  first  the  natives 
were  greatly  astonished  at  their  results  and  admired  them  extravagantly ;  but  when  the 
agent  turned  his  back  they  painted  the  plow  red,  turned  it  up  on  end  and  worshiped  it, 
and  returned  to  the  use  of  their  original  clumsy  utensils.  The  attempts  of  England  to 
produce  her  own  supplies  of  cotton  from  her  own  territory,  and  thus  become  inde- 
pendent of  the  product  of  America,  seem  to  have  been  a  failure.  Nor  has  the  ex- 
perience in  India  been  exceptional,  for  about  the  same  period  an  attempt  was  made  to 
extend  its  cultivation  to  Africa. 

This  country  is  one  of  the  most  important  outside  of  the  United 
States  that  is  now  engaged  in  the  cultivation  of  cotton,  and  a  meteoro- 
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logical  comparison,  therefore,  will  be  interesting  in  the  discussion  of 
the  subject  now  before  us. 

The  seasons  in  India  are  naturally  divided  into  cold,  hot,  and  rainy 
I)eriods.  The  stations  in  different  parts  of  the  country  give  very 
marked  differences  in  temperature  and  rainfall.  The  climate  is 
greatly  influenced  by  the  two  monsoons  that  blow  from  the  northeast 
and  southwest.  Great  extremes  of  temperature  and  moisture  pre- 
cede and  accompany  these  monsoons,  so  that  the  cotton  plant  suffers 
very  much  under  the  trying  changes.  All  India  does  not  suffer  so 
greatly  under  the  influence  of  these  monsoons  and  the  cotton  plant 
in  some  sections  gives  very  good  results.  For  the  purposes  of  this 
paper  the  following  stations  have  been  selected  as  occupying  the  most 
important  parts  of  the  cotton  region  of  that  country : 

Tabi.k  I. — }fean  temperature  of  several  stations  in  India. 
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Taki.k  II. — Annual  precipitation  at  certain  stations  in  India. 
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The  mean  monthly  precipitation  at  Madras  is  as  follows: 
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Jiilv 3.  20 

August  6.24 


January  l''^3 

February 0.28 

March... 0.30 

April O.fiB 

May 1.03 

June 2.03 


September 4.  76 

October  10.09 

November 12.  43 

December  3.25 


The  mean  annual  temperature  of  Bombay  for  the  cotton  year,  from 
June  to  February,  is  90°.  The  mean  monthly  temperature  at  Cal- 
cutta ranges  from  66°  in  January  to  85.7°  in  May.  The  winter  mean 
is  67.3° ;  for  spring  it  is  88.7° ;  for  summer  it  is  82.5°,  and  for  au- 
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tumn  it  is  78.5°.  One  authority  says  "  it  is  a  remarkable  fact  in 
the  cultivation  of  cotton  in  this  country,  where  the  plant  lives  from 
six  to  ten  years,  that  the  fiber  produced  is  very  inferior  to  that  pro- 
duced in  the  United  States,  and  yet  the  seed  from  India  that  have 
been  planted  in  the  Southern  States  have  invariably  produced  much 
more  superior  grades  of  cotton  than  that  secured  from  similar  seed 
in  India.  On  the  other  hand,  seed  carried  from  the  United  States  to 
India  invariably  deteriorated.  This  would  indicate  that  the  climate 
of  the  South  has  much  to  do  with  the  improved  character  of  the  fiber 
that  makes  it  the  finest  cotton  of  any  produced  in  the  world."  The 
annual  rainfall  at  Calcutta  is  64.00  inches,  but,  as  the  above  table 
shows,  the  seasons  of  rain  are  quite  variable  in  India.  The  hot 
period  in  this  country  of  India  is  from  March  to  May,  and  during 
this  time  the  temperature  often  goes  as  high  as  100°  to  110°,  accom- 
panied with  tremendous  thunderstorms. 

MEXICO. 

The  area  in  which  cotton  is  found  in  this  country  is  quite  limited, 
but  the  plant  grows  wild  and  is  apparently  native  to  the  country. 
At  Vera  Cruz  the  mean  annual  temperature  is  77°,  while  the  range 
of  temperature  between  the  hottest  and  coldest  months  is  only  12.4°. 

The  following  gives  the  mean  temperature  for  each  month  in  the 
year: 

January  70.0  July 81.6 

February  71.6  August 82.4 

March 73.4  September 81.0 

April 72.2  October  •. 78.4 

May 80.6  November 76.4 

June 81.9  December 71.1 

AUSTRALIA. 

The  cotton  is  also  indigenous  to  this  country  and  the  fiber  is  gen- 
erally picked  from  the  same  plant  for  five  years.  The  frosts  that 
occur  are  usually  so  light  the  cotton  is  not  killed  and  the  plant  con- 
tinues to  grow  from  year  to  year.  The  seeds  are  planted  in  Septem- 
ber and  the  picking  begins  in  February  and  continues  until  June. 
The  temperature  during  the  cotton  months  ranges  from  60°  to  100°. 
The  mean  annual  temperature  at  Sydney  is  62.4° ;  at  Victoria  it  is 
56.8°,  the  lowest  being  27°  and  the  highest  111°.  The  character  of 
fiber  produced  is  coarse  and  not  of  that  fine  texture  and  length  found 
in  the  United  States.     The  rainfall  at  Melbourne  is  only  25.66  inches. 

BRAZIL. 

The  best  samples  of  cotton  in  this  country  come  from  Pernambuco. 
The  climate  in  some  respects  is  well  adapted  to  the  cultivation  of 
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cotton.  The  plant  bears  fruit  throughout  the  year.  Planting  takes 
place  in  November  and  the  first  flowers  ^en  in  June,  and  the  flower- 
ing continues  freely  throughout  the  entire  year.  The  temperature 
ranges  from  24°  to  104°. 

Mr.  0.  H.  Dockery,  consul-general  of  the  United  States  at  Rio  de 
Janeiro,  in  a  report  made  to  his  Government  gives  the  following  in- 
teresting account  concerning  the  climate  of  Brazil ; 

The  mean  temperature  in  the  cuuntry  between  Rio  de  Janeiro  and  the  Amazon  is 
78.8®  above  zero;  that  of  the  Amazon  is  80.6°.  In  no  part  of  Brazil  is  it  hardly  ever 
higher  than  96.8**. 

Count  du  Chaillou  states  as  follows  concerning  the  temperature  of 
this  country : 

At  the  city  of  Rio  de  Janeiro,  which  is  situated  on  the  boundary  line  of  the  torrid  and 
temperate  zones,  the  average  temperature,  according  to  the  Annuario  do  Imperial  Ob- 
servatorio  for  1887,  is  74.1°  F.,  according  to  thirty-six  years  of  observations.  Only  two 
seasons  are  known  here,  summer,  or  the  rainy  season,  which  lasts  from  October  to  the 
end  of  March,  and  winter,  or  the  dry  season,  which  lasts  from  April  to  September.  The 
average  temperature  of  summer  is  about  78.8°,  and  that  of  w^inter  69.8°.  The  highest 
temperature  noted  was  99.5°,  and  the  lowest  50.3°,  which  is  about  the  average  temper- 
ature of  Paris.  The  difference  in  the  winter  and  summer  temperature  is,  therefore, 
very  slight  in  reality,  but  the  long  continuance  of  the  heat  and  the  warm  nights  make 
the  beat  keenly  felt. 

The  following  extracts  were  taken  from  a  work  prepared  by  the 
Brazilian  Government  for  the  Paris  Exposition : 

During  all  the  dry  season  the  prairies,  which  serve  as  pasturage  for  the  immense 
herds  of  cattle  which  are  to-day  one  of  the  chief  sources  of  provincial  wealth,  are  com- 
pletely dried  and  burned  up  by  the  sun.  The  live  stock,  whose  weak  and  lean  condition 
renders  them  pitiful  objects,  retire  into  wooded  districts  and  subsist  as  best  they  may 
upon  half  dried  leaves  till  the  return  of  the  rainy  season.  Vast  tracts  which  then 
seemed  calcined  and  sterile  are  in  a  few  weeks  covered  with  a  luxuriant  vegetation,  and 
in  a  short  time  the  cattle  become  fat  and  vigorous.  But  unfortunately  it  quite  frequently 
happens  that  the  rainy  season,  instead  of  following  the  dry,  does  not  come  for  a  whole 
year  or  several  years.  The  subtropical  region  may  be  divided  with  relation  to  its  rain- 
fall into  two  distinct  parts.  *  *  ♦  The  first  includes  Alagoas,  Sergipe,  the  coast  of 
Bahia,  and  we  will  add  Pernambuco.  That  part  receives  a  rainfall  every  year,  but  the 
largest  quantity  occurs  in  June,  July,  and  August.  The  southern  part  of  Bahia,  the 
provinces  of  Espirito  Santo,  Rio  de  Janeiro,  a  part  of  the  coast  of  Sao  Paulo,  and  the 
eastern  part  of  Minas  Geraes  constitute  the  remainder  of  the  subtropical  zone.  This 
subdivision  is  characterized  by  a  predominance  of  rain,  especially  during  the  autumn 
and  summer;  that  is  from  December  to  April.  *  *  ♦  The  south  of  the  province 
of  Sao  Paulo,  the  provinces  Parand,  Santa  Catharina,  and  Rio  Grande  do  Sul  consti- 
tute the  third  large  division  of  Brazil.  The  temperature  is  very  mild  here,  the  average 
heing  below  68®,  and  the  climate  one  of  the  finest  in  the  world.  *  *  *  The  rainy 
season  is  unlike  that  of  any  other  region  of  the  empire.  In  proportion  as  one  leaves  the 
equator  the  change  from  the  dry  to  the  wet  season  becomes  less  marked,  while  the 
breadth  of  variation  in  the  temperature  during  the  different  months  increases  constantly. 

The  following  tables  are  taken  from  the  same  work,  and  they  give 
meteorological  data  at  stations  located  near  the  equator  to  a  point  as 
for  south  as  32° : 
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Tabi.k  III. — Meteorological  data,  Brazil. 


Stations. 


S 


Temperature. 


3 


I        = 


I 


Maranhio,  MnranhSo i     i  27  ' 

Fortaleza.  Ceara '    3  44! 

Qaixeramobim,  Cear/i 5  16 

Amarante,  Paranhyba 6  13' 

Recife,  Pernambuco j    8  04  1 

Colonta  da  Victoria,  Pernambuco 1    8  09  | 

Colonia  Isabel,  Pernambuco I    8  45' 

SSo  Bento  das  Lagea,  Bahia 1  12  37  • 

BHhia,  Bahia '  12  58  ^ 

QueluB  de  Minas,  Espirito  Santo .<  20  401 

Kibeirio  Preto,  Espiri to  Santo I  21  10' 

Cascata,  Rio  de  Janeiro 21  53' 

Nova-Friburgo,  Rio  de  Janeiro 1  22  19  I 

Rio  de  Janeiro,  Rio  de  Janeiro 1  22  54  : 

Santa  Cruz,  Rio  de  Janeiro I  22  56 

Sao  Paulo,  Sao  Paulo 1  23  33  j 

Coritiva,  SSo  Paulo I  25  27  I 

Colonia  No va-Petropol  is,  Sao  Paulo |  26  48 

Golonia  Blumenau,  ParanA {26  55 

S.  Antonio  de  Palnieim,  Parana I  27  54 

Passo-Fundo,  Santa  Catharina ;  28  28  ', 

Taquara,  Rio  Grande  do  Sul ;  29  40 

Santa  Cruz,  Rio  Grande  do  Sul ;  29  45  ' 

Pelotas,  Riu  Grande  do  Sul 31  46 

Rio  Grande  do  Sul ]  32  00 


142 


10 

528 

751 

98 

210 


1,706 
4,167 

2,874 
217 

8S 
2.395 
2.953 


.1 


i,8g6 
2,060 


6,152 
52 


I   Mean 
annual. 


81.32 
79.  K8 

84.74 
80.78 
79.16 
77.18 
74.66 
76.64 
78.80 
67.82 
68.00 
64.40 
62. 96 

74.30 
71.96 

62.24 

64.22 

66.38 

70.52 

64.40 
62.78 
6s.  66 
66.56 
62.96 
65.84 


Max. 


o 
92.84 


Min. 


o 
69. 98 


u 


c 


92.48 

95-90 
99.14 
102. 20 

95- 90 
95.00 
88.70 

90- 32 

93.20 

104.00 

84.30 

99- 50 
97.88 

91-58 
100.40 


93.20 
93-92 


76.64 
64.40 

61.34 
52.88 

52.70 

'35-78* 
33-80 
32.00 
32*00 
33- 80 

50.36 

66.56 

30.38 
24.08 
42.62 


I 

;    90. 6s 

59- o<' 


6-3» 


80.  S3 
85.16 
57- Sa 

2J.6? 

51-18 
51 -73 
44-33 

59- «» 


60.71 


30.20 
32.00 


95.00 

99-50 
90.32 


31-10 
33-80 


41.97 
35-91 


T.vBr.K  IV. — Rainfall  at  certain  points  in  the  interior  of  Brazil,  published  by  authority 

of  the  Brazilian  Gorei'nment. 


stations. 


Valley  of  the  upper  Paranhyba 

Sarbara 

Congo-Soco 

Itaibra  do  Campo 

Queluz 

Casa  Branca 

Height  of  Cubitao 


Summer.  1   Autumn.   I    Winter.    1     Spring,     j    Total  for 
(Winter.)  '  (Spring.)  .(Summer. )!  (Autumn.  )j       year. 


Inches. 
16. 10 
35- 80 
59.60 
28.90 
37.20 


50.40 


Inchfift. 

Inches. 

Inches. 

46.60 

0.00 

7 -.30 

11.00 

1.50 

i6. 10 

18.60 

4.30 

32.90 

8.80 

0.00 

13.60 

6.10 

2. 10 

11.80 

37-70 

24.40 

28.30 

Inches. 

38.00 
64.40 

115-40 
5»-30 
57-20 
39-40 

140.80 


ARGENTINE    REPUBLIC. 

Cotton  grows  in  this  country  both  as  an  annual  and  a  perennial, 
and  the  culture  is  increasing  each  year.  The  following  meteorological 
data  have  been  extracted  from  the  IJ.  S.  Agricultural  Department's 
Miscellaneous  Series,  Report  No.  2,  by  Almont  Barnes,  LL.  B. : 

The  mean  annual  temperature  of  the  Argentine  Republic  is  about  the  same  a.s  that  of 
the  United  States;  that  is  to  say,  that  both  countries  are  included  within  the  limits  of 
similar  isothermal  lines,  from  70  to  about  40  in  the  latter  country,  exclusive  of  the 
Florida  peninsula,  and  also  from  70  to  about  40  in  the  former.  The  average  range  of 
the  thermometer  is  therefore  about  the  same.  Both  are  .situated  geographically  and  as 
to  range  of  climate  within  so-called  temperate  zones,  and  other  things  being  equal  the 
character  and  range  of  productions  of  the  two  would  be  the  same. 

As  in  the  case  of  other  South  American  countries,  the  meteorological  statistics  of 
the  Argentine  Republic  are  few,  fragmentary,  and  not  representative  of  large  regions. 
Premising  that  nearly  the  whole  length  of  the  coast  of  the  country  is  swept  or  approached 
by  the  warm  Brazilian  ocean  current,  a  branch  of  the  great  equatorial  one,  and  that  the 
estuary  of  the  Rio  de  la  Plata  is  constantly  filled  with  water  drawn  in  large  bodies  from 
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the  tropics,  both  of  which  are  modifying  influences  as  to  temperature  and  humidity,  such 
classified  and  tabulated  facts  as  are  to  be  had  and  seem  of  value  are  presented  in  the 
following  tables.  The  first  tables  relate  to  isolated  stations,  more  or  less  representative 
of  surrounding  districts  or  provinces  of  the  middle  portion  of  the  country  relative  to 
north  and  south,  and  of  the  entire  breadth  of  that  area  east  of  the  Andes. 

They  are  taken  from  Dr.  Burmeister's  work,  wherein  the  temperature  is  given  accord- 
ing to  the  Reaumur  scale,  and  the  rainfall  in  millimeters,  and  reduced  for  use  herein  to 
Fahrenheit  standard  and  to  inches,  respectively: 

Table  V, — Maximum  and  minimum  temperature  at  Buenos  Ayres  and  monthly  aver- 
ages of  the  same  for  the  four  years  ending  with  August^  1878. 


Maximum. 


Months. 


Septrmber 

October 

November 
December  . 
January  ... 
February  . 

March 

April 

May 

Jane 

July 

August 


1870. 


81.05 

74-75 
88.25 

93' 65 
93-65 
89.38 
83-75 
73-85 
69.80 

65-75 
64.63 
66.65 


Average 


1871. 


71-38 
78.  bo 

86.90 

99-95 
96.80 

90.05 
88.25 
80.60 
68.00 
70.25 
66.88 
72.50 


1872.   I  1873. 


74.75 

74-75 
78.80 

92-75 

97-25 
90.05 

83-75 
78.80 

63-50 
70.25 

65-75 
66.88 


74-75 
82.63 

86.00 

92.30 

90- 95 
88.25 
82.63 
77.00 
70.25 
69.13 

73-63 
72.50 


Aver- 
age. 


75-43 
77.68 
85.10 

94-78 
93-65 
89-38 

85-55 
77.68 
68.00 
68.90 
67.78 
69.58 

79.46 


Minimum. 


1870. 


39- 

43- 
44. 

53- 
52- 
59- 
52. 
40. 

34- 


43 
25 

31 

25 

00 

03 
55 
25 


30.88 

32.45 
29- 75 


187 1. 


38.75 
43-25 
43-25 
60.13 
53-60 
58.10 

53-83 
37-63 
34-25 
33- »3 
29-75 
35-38 


1872. 


34-25 
41.00 

42.13 
52.25 

51.13 
53-38 
47-30 
38.75 
35-^ 
34-25 
29-75 
36.50 


1873- 


3875 
46.63 

43-25 
51-13 
57.88 
54-50 

47-75 
41.00 

31-33 
32.00 


Aver- 
age. 


37-75 
43-48 

43-48 
54.28 

53.83 
56.30 
50.23 

39-43 
33-80 
32.68 
31-55 
34-25 

42.59 


Table  VI. — Mean  monthly,  seasonal^  and  annual  temperature  at  Buenos  Ayres,  and 

mean  for  four  years  ending  with  August,  1873. 


Months  and  season.^. 


September 

October 

November  , 


Spring  mean 


December 
January 


1870. 


57.43 
58.55 
64.63 

60.20 


187 1. 


o 

54.06 
60.80 
57.43 

57-43 


71-38 

February I    75. 43 

Summer  mean I    73. 40 


March 
April  . 
May.. 


Autumn  mean 


Jane... 
July  ... 
AagUBt 


Winter  mean 

Average  for  the  year. 


70.48 
61.03 

55-85 
62.45 


50.00 

47-75 
48.20 

48.66 


75-43 
74-98 
74-53 

74-98 


70.03 
59.00 
54-28 

61.10 


50-68 
47-75 
51 -.35 

49-93 


1872. 


52-03 
59-90 
63:73 

58.55 


71.60 
74-30 
71-38 

72-43 


65-30 

63-73 
51-80 

60.27 


50.00 

4«-43 
52.70 

50-38 


1873. 


57-20 

65.98 
66.88 

63-35 


Average 
monthly. 


o 

55-18 
61.31 
63.28 

59-88 


71-83 

76-33 
72.28 

73-48 


72.56 
74-78 
73-40 

73-58 


68.00 
60.58 
54-28 

60.95 


68.45 
61.08 

54-05 
61.19 


52.03 

47.53 
53-83 

51-13 


61.18 


60.86  I    60.41 


63.22 


50.68 
47.86 

51-52 
50.02 


61.17 


The  tables  substantially  agree  in  giving  the  range  of  the  tempera- 
ture at  Buenos  Ayres  as  from  about  48°  to  100°  during  the  producing 
seasons  for  farm  products,  with  an  annual  mean  of  about  76°  during 
those  months.  The  prevailing  temperature  may  therefore  be  con- 
sidered exceptionally  good  for  crops  suited  to  a  temperate  climate. 

Monthly,  seasonal,  and  annual  rainfall,  actual  and  mean,  at  Buenos 
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Ayres,  for  the  eight  years  ending  with  1868,  taken  by  M.  Eguia,  and 
approved  by  Dr.  Burmeister : 

Table  YIL — Monthly,  secLsonal,  and  annual  rainfall  at  Buenos  Ayres. 


Month  and  season. 


September 
October . , . 
NoTember 


Spring 

December 
January... 
February  . 


Summer 


March. 
April., 
may... 


Autumn 


June . . , 
July  ... 
August, 


Winter 

The  year. 


1861. 


Inchn. 
2.50 

5-93 
0.69 


9.12 


1862. 


Inehu. 
3' 06 

4.88 

3-37 


II. 31 


4.64 

0.45 
1.22 


6.31 


1.20 
2.87 
0.12 


4.19 


0.70 
0.48 
2.19 


3-37 


22.99 


6.04 
0.51 
4.04 


10.59 


1863. 


Inchos. 
1.64 
0.38 
0.88 


1864. 


3-" 


3*  60 
4-25 
3-89 


11-74 


2.69 

1.94 
5-67 


2.83 
0.49 
3-92 


10.29       6-24 


4.88 
2.92 
1.26 


9.06 


2.92 
0.99 
2.61 


6.52 


Inches. 
4. 10 

1.30 
1-57 


6.97 


2-39 
1.42 

1-95 


5-76 


1865. 


1866. 


Inches.  Inches. 
2.75      1.40 

2-50      9-75 
0.58      2.23 


5-83 


I-S9 
2.05 

0-29 


3-93 


13-38 


3-19 
0.56 

1.98 


5-72 


1867. 


Inches. 

1. 17 
0.24 

3- 00 


4-41 


3-75 
0*41 

1-31 


5-47 


3-35 
3.82 

3- 16 


10.33 


0.98 

4-25 
2.82 


8.05 


1.24 
2.98 
5-19 


1. 51 
4.88 
1. 18 


9-41  I    7-57 


3*  00 

1-45 
1.74 


6. 19 


41.25  I  27.62 


29.26 


4-53 
2.47 

2.51 


9*50 


2.93 
6.22 
2.13 


11.28 


2.75 
2.74 

0-35 


5-85 


1868. 

Means. 

Inches. 

3.56 
5-H2 

3-93 

2-53 
3«7 
2-03 

13-31 

8.43 

6.41 
6.91 

3« 
1-52 
2.70 

15.85 

8.17 

4.28 

1.79 

•3.01 

2.36 

2.88 

3.01 

9.06 

8.14 

3-37 
o.ai 

3.16 

3- 14 
2.19 
1.99 

6.74 

7-3a 

27- 3» 


39.80  I  23.29     44-97         3*' 06 


"Amount  not  given  in  this  single  instance,  and  therefore  the  average  amount  is  assumed  for  it. 

EGYPT. 

Upper  Egypt  is  almost  entirely  rainless,  while  Lower  Egypt  has  a 
small  rainfall.  In  Lower  Egypt  the  mean  temperature  ranges  from 
80°  to  90°  in  summer  and  from  50°  to  60°  in  winter.  In  Upper  Egypt 
the  mean  temperature  in  summer  ranges  from  90°  to  100°,  and  from  60° 
to  70°  in  winter.  Cotton  is  cultivated  by  artificial  irrigation,  and  is 
mostly  to  be  found  in  Lower  Egypt,  the  upper  country  being  too  dry. 

The  following  table  gives,  in  an  interesting  manner,  the  general  com- 
parison between  the  several  foreign  countries  considered  in  this  paper 
and  the  cotton  belt  of  the  southern  United  States.  The  mean  tem- 
peratures and  annual  precipitations  are  too  general  to  bring  out 
specific  differences,  but  they  will  serve  to  show  the  striking  contrasts 
between  the  several  countries  under  consideration : 

Table  VIII. — Comparative  temperature  and  rainfall. 

Temperature. 
Countries. 


United  States  (cotton  belt) 

West  Indies 

British  India 

Mexico  ( Vera  Crus ) . 


Australia  (Sydney  and  Victoria) 

Brazil  (Rio  Crrande  do  Sul) 

Argentine  Republic  (Buenos  Ayres), 
Egypt,  Lower  ( Alexandria) 


Mean  an- 
nual. 

Mean 
spring. 

Mean 
summer. 

Annual  pre- 
cipitation. 

0 

63-5 
79-5 

^•! 

76.6 

59-6 
65.6 

61.2 

0 

63-5 

81.8 

75-3 

0 
78.0 

86-2 
82.0 

Inches. 
50.80 
63.00 
74.22 

63.8 
69.9 

74.7 

73-6 
76.6 

•72.36 
32.06 

7-5' 

/  ./ 

•  Entire  country. 

NoTK.— The  mean  temperature  of  the  portion  of  Brazil  between  Rio  de  Janeiro  and  the  Amszon 
IS  78.80.  That  of  the  Amazon  is  80.6O;  and  the  8ummer  temperature  (winter)  of  Pernamboco 
is  79.5°,  while  the  winter  (summer)  temperature  is  76.8O.  A  large  portion  of  the  cotton  of  Brazil 
is  grown  in  Pernambuco. 
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III.-THE  GENERAL  CLIMATIC  FEATURES  PRIi:VAILING  IN  THE  SOUTH- 
ERN  UNITED  STATES  DURING  THE  PREPARATION  OF  THE  LAND 
FOR  THE  PLANTING  OF  THE  SEED. 

The  winters  of  the  South  are  seldom  severe,  and  the  temperature 
rarely  reaches  zero  except  in  the  more  northern  latitudes  of  the  cotton 
region,  and  not  often  even  there.  It  is  a  well  recognized  fact  among 
cotton  planters  that  those  portions  of  the  country  where  the  changes 
of  temperature  are  sudden  and  the  fall  reaches  zero  during  every 
winter  and  sometimes  frequently  during  the  same  winter,  will  per- 
mit of  too  short  a  period  between  frosts  to  enable  the  cotton  plant  to 
perfect  its  growth  and  mature  its  fruit.  Many  efforts  have  been  made 
to  force  the  plant  to  produce  fiber  in  the  northern  portions  of  Ken- 
tucky and  the  colder  regions  in  west  and  northwest  Texas,  but  all 
such  efforts  have  proved  total  failures,  even  though  the  general  con- 
ditions of  the  soil  in  those  sections  of  the  country  are  of  a  nature 
well  suited  for  the  cultivation  of  cotton. 

The  following  table  of  winter  temperatures  at  those  stations  in  the 
cotton  region  giving  continuous  records  for  ten  years  or  more,  is  given 
to  bring  out  the  above  conclusions  in  regard  to  the  growth  of  cotton. 
A  careful  comparison  of  this  table  with  the  outline  map,  Chart  VII, 
will  show  that  wherever  the  altitude  or  latitude  causes  the  tempera- 
ture to  range  low  during  the  winter  and  spring  months  the  cultiva- 
tion of  cotton  is  correspondingly  reduced  to  a  minimum : 

T^LE  IX. —  Winter  minimum  temperatures  at  stations  of  the  cotton  belt  of  the  South- 
em  States, 


Stations. 


Northern  portion. 


Atlanta,  €ra 

Charlotte,  N.  0  . . . . 
Chattanooga,  Tenn , 

El  Paso, 'l^ex 

Fort  Drtis,  Tpx  . . . 
FortElliott,  T*»x.. 
Fort  Smith,  Ark... 
KnoxTille,  Tenn  .. 
Little  Rock,  Ark. . . 
Memphis,  Tenn  ... 
NashTille,  Tenn  ... 


»  I 


I  - 


Years 

13 
13 
13 
14 
II 
lo 
lo 

21 

13 

20 
21 


Middle  portion. 

Aabarn,  Ala 14 

Aagtist^i,  lift 20 

</harle9ton,  H.  C 20 

Green Sprinffi«,  Ala 27 

Hatteras,  N.  U 1  17 

Kittyhawk,  N.  C 17 

Montgomery,  Ala 19 

Paleutinp,  Tex 10 

Sbreyeport,  La 20 

Union  Spring-,  Ala •  24 

Vicksburg,  Miss 20 

'Vilmington,  N.  C 21 


S 

9 

s 

"5 

i 


-  2 

■  5 

■  7 
•  5 

■  3 
-14 

■  7 
■16 

■  5 

-  8 
■10 


3 
6 

10 

2 
8 
5 

5 
o 
I 
8 
3 
9 


a 


o 


Mean  minimum. 


1-=^^ 


.Tan., 
Dec, 
Jan., 
Dec, 
Jan., 
Jan., 
Jan., 
Jan., 
Jan., 
,  Jan., 
Jan., 


Jan., 
Jan., 
Jan., 
Jan., 
Dec. 
Feb., 
Jan., 
Jan., 
Jan., 
Jan., 
Jan., 
Jan., 


1886 
1880 
1886 
1880 
1886 
1888 
1886 
1884 
1886 
1886 
1884 


1S84  I 

1886  I 

1886  i 

1886  ■ 

18S0 

1886 

1886 

1886 

1886 

1886 

1886 

1884 


E 
B 


37-6 
35-5 
35-6 
32-9 
33  2 
25.6 

33-8 
32-3 
38-5 
38.1 

33-9 


39-7 
39- o 
44-8 


42.0 

40. 1 
40.6 
42.6 
41.6 


42.7 
39-9 


OS 
9 

a 

OS 


35-4 
33-8 
34- o 
30-7 
30-1 
18.7 
26.8 
30.6 

33-7 
32-8 

30.5 


38.2 
38.8 
44-5 


39-3 
36.6 
40. 1 

38. 3 
38-2 


*g5 


I  01 


« 
9 

u 


39-7 
37-4 
37-7 
35-8 
34-8 
24.2 

32 
34 
38 
37 
34 


I  O  ^  o 


2 
3 
2 
2 
2 
12 

3 
7 

I 

2 

9 


44-8 
42-0 
46.2 


41.9 

39-4 
44.4 

43-8 

43-1 


39-9 
38-9 


44.2 

41-5 


o 
o 
0 

o 
o 
o 
o 
I 
o 
o 
o 
o 
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Tabi.k  IX.  —  Winter  minimum  temperatures,  (Sec. — Continued. 


Strttions. 


O  1 

S  ' 

^  ! 

o 

^  i 


Mean  minimum. 


E 

0 

S 
s 


c 
o 

S5 


£ 


eS 
9 
E3 
ae 
•-9 


a 


«> 
U. 


iC  a  3 


Southern  portion. 
Brownsville,  Tex , 


Cedar  Keys,  V\a , 

Galveston.  Tex , 

Indianola,  Tex , 

Jackfionville,  Fla..... 

Mobile,  Ala 

New  Orleans,  La 

Pensflcola,  Fla , 

Rio  Grande  City,  Tex, 

San  Antonio,  Tex 

Savannah,  Ga 


Years 

O 

o 

0 

i6 

i8 

^Dec.,  i88o? 
^Jan.,  i88i<^ 

.53-5 

50.0 

lO 

15-5 

Jan.,  i886 

51-4 

51.0 

21 

II 

Jan.,  i886 

51-5 

47-4 

H 

12 

Jan.,  i886 

SO- 1 

43-8 

20 

15 

Jan.,  i886 

49-1 

47-5 

21 

II 

Jan.,  i886 

44-4 

43-6 

21 

15 

Jan.,  i8S6 

48.7 

47-3 

12 

15 

Jan.,  i886 

47-3 

46.3 

15 

19 

Jan.,  i88i 

50.5 

47-7 

15 

6 

Jan.,  i886 

45-2 

41.0 

21 

12 

Jan.,  i886 

44.4 

43-7 

55-2 

54-9 
52-9 

49-9 
50.8 
47.6 
51.2 
51-0 
54-2 
46.8 
46.9  I 


o 
0 
0 
0 

Q 
0 
0 
0 
0 
0 


The  records  from  which  these  results  have  been  secured  cover 
j)eriods  from  ten  to  twenty -one  years. 

For  convenience  of  reference  and  comparison  I  have  divided  the 
region  under  discussion  into  three  distinct  portions,  viz.,  northern, 
middle,  and  southern  sections  of  the  cotton  belt.  The  lines  separate 
ing  these  divisions  are  irregular  and  will  more  nearly  coincide  with 
the  normal  lines  of  mean  minima  temperatures  than  with  the  lines 
of  latitude.  In  arranging  the  stations  under  this  classification  I 
have  been  governed  largely  by  the  mean  minima  temperatures 
recorded  by  the  respective  observers ;  but  to  correctly  express  tlie 
severity  of  the  climate  in  winter  it  is  best  also  to  consider  the  low- 
est possible  range  of  temperature.  With  this  interpretation,  there- 
fore, I  have  i^laced  Atlanta,  Ga.,  Little  Rock,  Ark.,  and  Memphis, 
Tenn.,  in  the  northern  division,  although  the  mean  minima  would 
warrant  placing  them  in  the  middle  section.  When  the  question  of  the 
growth  of  cotton  is  considered,  however,  it  will  be  noticed  that  the 
conditions  of  climate  and  soil  are  amply  propitious  for  all  demands 
of  the  plant  in  the  country  surrounding  these  three  cities. 

Those  sections  in  Texas  placed  in  the  northern  division,  that  are 
situated  far  south  geographically,  give  greater  depressions  of  temper- 
ature than  those  in  the  east  not  so  far  south.  This  is  largely  due,  no 
doubt,  to  the  greater  altitude,  in  some  instances,  of  these  western 
stations,  and  also  because  of  the  blizzards  that  sweep  across  portions 
of  Texas  each  year.  At  the  following  stations  where  the  minimum 
temperature  goes  so  low  and  so  frequently  during  the  winter,  there 
is  very  little,  if  any,  cotton  planted;  and  in  the  neighboring  country 
where  the  cultivation  has  been  attempted  results  have  been  very  dis- 
couraging, viz.,  El  Paso,  Fort  Elliott,  Fort  Smith,  Knoxville,  and 
Nashville.  In  the  case  of  Nashville,  however,  there  is  a  section  of 
country  just  south  of  the  city  that  produces  very  large  yields  of  cotton 


SEED-PLANTING    SEASON.  27 

in  favorable  years.  It  will  thus  be  noticed  that  although  some  of  the 
stations  occupy  positions  quite  far  north  local  causes  may  so  modify 
the  climatic  conditions  as  to  permit  the  successful  cultivation  of  cot- 
ton in  the  immediate  neighborhood. 

The  months  of  February  and  March  are  spent  by  the  planters  in 
preparing  the  land  for  the  planting  of  the  seed,  and  the  season  is  very 
well  adapted  for  such  work.  The  weather  is  never  severe  enough  to 
prevent  outdoor  work,  and  the  ground  is  never  so  hard  frozen  as  to 
impede  the  progress  of  the  plow. 

In  the  lower  half  of  the  Southern  States  the  fall  of  snow  is  very 
unusual,  and  even  in  the  more  northern  limits  it  scarcely  covers  the 
ground  above  a  few  inches  and  remains  only  a  few  days  at  the  most. 
It  is  possible,  therefore,  under  these  conditions,  for  the  farmers  to 
work  almost  continually  during  the  winter  months.  Tlie  lands  are 
generally  plowed  broadcast  in  the  winter  so  that  the  rains  and  the 
frosts  may  disintegrate  the  soil  and  render  the  ingredients  available 
to  the  demands  of  the  plants.  The  plowing  usually  begins  about  the 
1st  of  February  and  continues  until  planting  of  the  seed  in  April 
or  May,  depending,  of  course,  upon  the  locality  of  the  place.  In  win- 
ter the  rains  are  frequent  and  the  soil  is  often  soaked.  The  freezing 
of  this  water  at  night  and  quick  thawing  under  the  influence  of  the 
noonday  sun  cause  great  changes  to  take  place  in  the  chemical 
and  physical  conditions  of  the  soil. 

IV.— THE  CLIMATE  OF  THE  SEED-PLANTING  SEASOxV. 

The  heavy  frosts  in  the  South  have  generally  ended  by  the  loth 
of  April,  and  there  is  little  danger  of  the  young  cotton  plant  becom- 
ing killed  if  it  is  planted  so  as  to  germinate  about  the  1st  of  May. 
It  is  customary,  therefore,  to  put  the  seed  in  the  ground  from  April  1 
to  May  10,  the  time  depending  largely  upon  the  locality  in  the  cotton 
belt.  With  the  exception  of  the  extreme  south  the  cotton  that  is 
planted  before  the  15th  of  April  is  apt  to  become  reduced  in  its 
vitality  by  cool  nights  that  prevail  during  the  first  half  of  April.  In 
most  sections  of  the  cotton  belt  light  frosts,  with  occasional  killing 
frosts,  frequently  retard  the  growth  of  vegetation  during  the  first 
weeks  of  April,  particularly  in  the  northern  limits  of  the  region.  It 
is  therefore  customary  in  those  portions  of  the  belt  to  delay  the  plant- 
ing until  the  first  week  in  May  so  as  to  escape  this  period  of  cool 
weather.  To  bring  out  this  fact  the  following  table  of  the  times  of 
killing  frosts  in  the  spring  is  given : 
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1'able  X. — Dates  of  last  killing  frosts  in  the  cotton  belt,  exhibiting  early  and  back- 

ward  springs^  from  1871  to  1891,  incltisioe. 

ALONG  THE  NORTHERN  LIMIT. 


Stations. 


Earliest. 


Latent. 


Atlanta,  Ga 

Charlotte,  N.  C... 
('hattanooga,  Tenn 

El  Paso,  Tex 

Kort  Davis,  Tex  . . . 
Fort  Elliott,  Tex.. 
Fort  Smith,  Ark... 
Knoxville,  Tcnn... 
Little  Rock.  Ark  .. 
Memphis,  Tenn  ... 
Nashville,  Tenn ... 


February  2, 1882  . . . . 

March  10, 1884 

January  25, 1880 

Miirch7, 1885 

February  25,1888  ... 

March  2, 1890 

March  9, 1884 

March  17, 1890 

February  22, 1882  . . . 
February  25, 1889... 
February  2, 1882  . . . . 


I 


April  8, 18S6  . 
May  3, 1879  . . . 
Aprils,  1886  . 
April  22, 1882 
April  22,1884 
April  30,1880 
April  5, 1887  . 
April  25,1883 
April  14, 1881 
April  16, 1882 
May  1,1886.., 


A  verage. 


March  17. 
March  30. 
March  18. 
March  31. 
April  z. 
Aj)ril  6. 
March  22. 
April  7. 
March  21. 
March  31. 
March  36. 


THROUGH  THE  MIDDLE  PORTION. 


Auburn,  Ala 1  March  11,1889 


Augusta,  Ga 
Charleston,  S.  C  .. 
Hatteras,  N.  C  . . . 
Kittyhawk,  N.C. 
Montgomery,  Ala 
Palestine,  Tex... 
Shreveport,  La  .. 
Vicksburg,  Miss  . 
Wilmington,  N.  C 


February  6, 1882  . 
January  4, 18S2  . . 
January  4, 1882  . . 
January  18, 1878  . 
February  2, 1882  . 
February  24, 1889 
January  12, 1887  . 
January  16, 1874  . 
January  23, 1882  . 


April  6, 1886 March  23. 

March  18. 


April  14,1885 
April  2,1881,1887  .. 

April  5,1881 

April  19,1875 

April  6, 1886 

April  7,1886  ....... 

April  7,1886 

April6,iS86 

April  30, 1890 


February  25. 
February  23. 
March  12. 
March  8. 
March  17. 
February  24. 
February  27. 
March  14. 


ALONG  THE  SOUTHERN  LIMIT. 


Brownsville,  Tex December  26,  1880 . 

Cedar  Keys,  Fla December  7,  1887  . . 

Galveston,  Tex 1  December  26,  1880  . 

Indianola,  Tex {  November  30,  1878. 

Jacksonville,  Fla |  December  18,  1880. 

Mobile,  .Ala December  27,  1880 

New  Orleans,  La 

Pensacola,  Fla 

Rio  Grande  City,  Tex, 

S*m  Antonio,  Tex [  December  7, 


November  26,  1882. 

December  27,  1880 . 

December  16,  1882  . 

. .  1878  . . 

Savannah,  Ga '  January  4,  1882  . . . . 


March  i,  1890 

March  12,  1888 

March  i,  1890 

April  14,  1881 

March  23,  1883 

April  6,  1886 

March  14,  1886 

March  23,  1881. 1885. 

March  2,  1S90 

April  14,  1881 

April  13,  1885 


January  29. 
January  22. 
"January  27. 
February  7. 
February  3. 
February  21. 
January  13. 
February  24- 
January  24. 
February  i  r. 
February  26. 


April  is  a  month  of  showers,  and  for  this  reason  it  is  peculiarly 
well  adapted  for  planting.  These  rains  are  not  usually  heavy,  but 
occur  at  frequent  intervals  so  as  to  keep  the  soil  in  that  moist  condi- 
tion best  suited  to  germinate  the  seed.  It  is  a  fact  well  known  among 
scientists  that  if  the  soil  becomes  too  heavily  charged  with  w^ater 
while  the  seed  is  undergoing  the  stage  of  transformation  prior  to 
germination  decay  frequently  sets  in,  and  on  the  other  hand,  if  the 
soil  is  very  dry,  rendered  so  by  the  absence  of  rain  or  under  the 
influence  of  drying  winds,  the  seed  cannot  obtain  enough  moisture  to 
start  the  growth  and  replanting  becomes  necessary.  Again,  if  the 
soil  contains  a  sufficiency  of  moisture  for  the  growing  plant,  and  the 
nights  in  early  April  are  cool,  the  rapid  evaporation  from  the  leaf 
surface  under  the  action  of  the  winds  may  reduce  the  temperature  so 
low  as  to  seriously  damage  the  organic  structure  of  the  tender  vegeta- 
ble. When  chilling  winds  and  not  solar  heat  are  the  agents  at  work 
creating  the  circulation  of  moisture  in  the  plant  and  reducing  the 
amount  of  surplus  water  in  the  tissue,  the  young  life  is  greatly  en- 
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dangered  and  the  vegetable  organization  is  frequently  disarranged  or 
ruptured.  It  is  the  part  of  wisdom,  therefore,  obtained  through  long 
experience,  that  induces  the  cotton  planter  to  delay  putting  in  the 
seed  until  the  latter  part  of  April  or  first  part  of  May,  when  the  soil 
becomes  warmed  under  the  influence  of  the  spring  sun,  and  the 
Dumber  of  cool  days  are  reduced  to  the  minimum. 

The  seasons  of  rain  are  so  distributed  throughout  the  spring  months 
as  to  keep  the  atmosphere  and  soil  in  a  condition  generally  suited  for 
the  full  development  of  the  young  plant,  and  that  causes  the  roots  to 
take  a  deep  hold  of  the  soil  and  the  tap  root  of  the  subsoil  prepara- 
tory to  contending  against  the  droughts  of  summer.  A  very  wet 
spring  will  cause  the  plant  to  form  numerous  surface  roots,  to  the 
great  sacrifice  of  the  tap  root  and  those  that  tend  downward.  Under 
these  conditions  the  dry  season  that  usually  prevails  during  the  sum- 
mer months  will  soon  cause  the  plant  to  wither  and  shed  its  "  squares," 
because  of  the  dry  condition  of  the  surface  soil  in  which  it  is  forced 
to  live,  and  in  which  it  must  secure  the  moisture  required  for  its 
growth.  But  if,  on  the  other  hand,  the  month  of  May  is  compara- 
tively dry,  with  occasional  showers  interspersed  throughout  the  month, 
the  tap  and  lateral  roots  take  deep  hold  of  the  soil  and  the  subsoil,  so 
that  sufiicient  moisture  is  brought  up  from  below  to  sustain  the  vital- 
ity of  the  plant  during  the  fiber-forming  period  when  plenty  of  sun- 
shine andtdry  weather  prevail.  In  this  connection  it  will  be  interest- 
ing to  note  the  following  extract  from  Professor  Johnson's  work, 
"How  Crops  Feed,"  that  shows  in  a  striking  manner  how  beneficial 
dews  and  frequent  light  showers  during  the  growing  period  will 
become  to  the  plant,  and  what  great  damage  must  result  if  our  springs 
were  seasons  of  continued  rain,  as  is  so  common  in  many  tropical 
regions  of  the  world : 

Let  us  suppose  dew  or  rain  to  have  saturated  the  ground  with  moisture  for  some 
depth.  On  recurrence  of  a  dry  atmosphere,  with  sunshine  and  wind,  the  surface  of  the 
Boil  rapidly  dries  ;  but  as  each  particle  of  earth  escapes  (by  evaporation)  into  the  atmos- 
phere, its  place  is  supplied  (by  capillarity)  from  the  stores  below.  The  ascending  water 
brings  along  with  it  the  soluble  matters  of  the  soil,  and  thus  the  roots  of  the  plants  are 
saturated  in  a  stream  of  their  appropriate  food.  The  movement  proceeds  in  this  way 
80  long  as  the  surface  is  drier  than  the  deeper  soil.  When  by  rain  or  otherwise  the 
surface  is  saturated — it  is  like  letting  a  thin  stream  of  oil  run  upon  the  apex  of  the  lamp- 
wick — no  more  evaporation  into  the  air  can  occur,  and  consequently  there  is  no  longer 
any  ascent  of  water ;  on  the  contrary,  the  water  by  its  own  weight  penetrates  the  soil, 
and  if  the  underlying  ground  be  not  saturated  with  moisture,  as  can  happen  where  the 
gabtcrranean  fountains  yield  a  meager  supply,  then  capillarity  will  aid  gravity  in  its  down- 
ward distribution.  *  *  *  It  is  easy  to  see  how,  in  a  good  soil,  capillarity  thus  acts 
in  keeping  the  roots  of  plants  constantly  immersed  in  a  stream  of  water  or  moisture 
that  is  now  ascending,  now  descending,  but  never  at  rest,  and  how  the  food  of  the  plants 
is  thus  made  to  circulate  around  the  organs  fitted  for  absorbing  it.  *  *  *  Thorough 
drainage,  by  loosening  the  soil  and  causing  a  rapid  removal  from  below  of  the  surplus 
water,  has  a  most  decided  influence,  especially  in  springtime,  in  warming  the  soil  and 
bringing  it  into  a  suitable  condition  for  the  support  of  vegetation. 
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Tablk  XL — Average  rainfall,  average  number  of  rainy  day 8^  and  average  number  oj 
clear  days  for  the  month  of  May  for  the  years  1871  to  189L  These  averages  were  ob- 
tained from  data  furnished  by  all  regular  stations  throughout  the  cotton  belt. 


Years. 


1871 
1872 

1873 
1874 

1875 
1876 

1877 
1878 
1879 
1880 
18S1 
18S2 
1883 
1884 
1885 
1886 
1S87 
188S 
1889 
1890 
1&91 


Mean 


Northern  cotton 

Middle  cotton 

1  Southern  cotton 

bell. 

1 

belt. 

1 

Uilt. 

c 

>» 

u 

1  p 

1 

bi 

B 

>k 

&. 

s 

« 

c 

es 

s       1 

«. 

^m  91 

^  OB 
—  0) 

fc.   OD 

"2  0/ 

£;.' 

0  oC 

.•0 

ax 

'■I 

0  « 

•T3 

—  s 

T'  1 

5- 

0 

0 

C3  — 

0 

0 

s- 

0 

^ 

'<£ 

2 

OS 



z, 

2i 

2;    ' 

Z 

4.66 

12 

8 

6.12 

8 

16 

4-30 

9 

9 

3.62 

10 

II 

7.78 

10 

12 

2.78 

6 

10 

5.56 

12 

4 

7-63 

12 

8 

8.86 

"ii 

7 

1  1.06 

6 

13 

2.97 

7 

14 

2.94 

13 

2.97 

12 

10 

2.79 

7 

II 

3.20 

7 

12 

5-94 

10 

9 

5-24 

10 

9 

3- 00 

6 

12 

!  1-53 

6 

14 

3.00 

6 

15 

1.67 

6 

II 

1  3- 00 

" 

II 

5-07 

9 

12 

4-37 

9 

9 

1  3-52 

8 

»3 

3-54 

10 

13 

3- 00 

6 

14 

4-22 

8 

13 

3-66 

I 

14 

4.86 

10 

10 

3-34 

II 

10 

2-57 

10 

2.40 

7  1 

II 

5-89 

II 

10 

3,80 

8 

8 

4.40 

8  ' 

8 

3-34 

7 

15 

3.66 

6 

II 

4-32  , 

7 

II 

5.20 

II 

11 

6.29 

8 

9 

5-24 

10 

12 

4-35 

12 

" 

6-57 

12  ; 

8 

5-40 

II 

7 

2. 83 

7 

13 

2.88 

6  ' 

16 

2.08 

4 

15 

3-68 

12 

II 

4.06 

II  i 

10 

3-90 

9  1 

10 

3-92 

12 

10 

5-27 

II 

8 

4-54 

10 

10 

2.51 

7 

15 

2.66 

6  ' 

15 

1.08 

4 

15 

4-05 

13 

14 

5-76 

10 

12 

4.24 

10 

12 

1  2.67 

6 

13 

2.85 

6 

13 

1.92 

4 

13 

3-71 

10 

II 

4.48  ! 

1 

9  1 

1 

12 

3-74 

8  i 

II 

*No  estimate  is  made  in  these  columns  for  th 
technically  termed  "fair  days,"  but  the  averages 
less  than  one  per  cent,  of  cloudiness. 


e  sunny  weather  that  occurred  dpring  what  arc 
represent  only  those  days  that  have  ftirnished 


It  will  be  seen  from  the  accompanying  table  that  May  ie  compara- 
tively a  dry  month — just  enough  rain  falling  to  enable  the  plant  to 
grow  well  and  not  enough  to  cause  too  rapid  development  of  "  weed." 
It  is  a  trite  saying  among  farmers  of  the  South  that  "  a  dry  May  pro- 
duces a  clean  crop."  This  peculiar  climatic  condition  that  generally 
prevails  in  the  cotton  region  during  the  month  of  May,  may,  in  a 
large  measure,  enable  the  farmer  to  clean  his  croj),  but  the  equally 
important  fact  of  deep  root  penetration,  already  referred  to,  must 
not  be  overlooked. 

In  studying  the  climatology  of  any  section  of  country,  to  deter- 
mine its  adaptability  to  the  growth  of  certain  kinds  of  plants,  it  is 
not  well  to  draw  definite  conclusions  alone  from  annual  precipita- 
tions, nor  even  from  the  amounts  that  fall  in  each  season ;  although 
these  results  are  very  important  and  should  be  carefully  considered 
in  their  proper  connections.  But  when  we  remember  what  great 
changes  take  place  in  the  condition  of  the  plant  within  thirty  days, 
valuable  conclusions  may  be  drawn  by  comparing  the  month  of  one 
year  with  that  of  another.  In  this  connection  the  following  ques- 
tions may  be  appropriately  asked :  When  does  the  rain  fall  in  larg- 
est amounts ;  in  spring,  summer,  autumn,  or  winter?  Is  there  a  dry 
season  and  a  wet  season?     But  the  answers  to  these  questions  alone 
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will  not  bring  out  all  the  special  points  of  advantage  or  disadvan- 
tage in  studying  the  adaptation  of  any  section  of  the  country  to  the 
special  cultivation  of  certain  kinds  of  plants.  The  cotton  is  a  pecu- 
liar plant  in  respect  to  its  demands  for  moisture,  and  one  month's 
time  in  the  middle  of  spring  may  decide  its  fate  for  or  against  pro- 
ducing a  good  yield  of  lint.  Experience  has  taught  that  the  rains 
must  be  distributed  during  the  spring  and  early  portion  of  summer 
while  the  plant  is  young  and  while  it  is  in  its  blooming  state,  so  as 
to  keep  the  soil  in  the  condition  best  suited  to  yield  up  its  food  ele- 
ments to  the  rapid  demands  of  the  growing  limbs,  leaves,  and  buds ; 
but  at  the  same  time  there  must  be  ample  sunshine,  because  the  cot- 
ton plant  loves  the  sunlight.  The  fact  must  not  be  lost  sight  of 
either,  as  has  been  previously  stated,  that  the  soil  must  not  be  so 
moist  for  any  length  of  time  during  April  and  May  as  to  cause  too 
rapid  multiplication  of  surface  roots.  The  depth  of  the  soil  controls, 
to  a  large  degree,  the  quantity  of  moisture  that  will  be  retained  in  it 
after  a  season  of  rains,  and  it  is  therefore  of  great  im))ortance  that 
the  land  should  be  deeply  broken  and  well  pulverized  during  the 
l)reparatory  season  in  February  and  March  ;  and  after  the  plant  is  up 
above  the  soil  the  surface  should  not  be  allowed  to  harden  and  bake 
into  a  crust  but  should  be  often  stirred.  The  pulverization  of  the 
t?oil  will  enable  the  small  particles  of  earth  to  take  up  the  moisture 
floating  through  the  atmosphere  during  the  night  and  early  morning 
and  thus  add  a  new  and  steady  supply  for  the  roots  to  absorb.  Cir- 
culation is  absolutely  necessary  for  good  results.  An  excess  of  water 
prevents  that  due  admixture  and  division  of  the  ingredients  so  im- 
portant for  the  healthy  growth  of  the  plants.  It  also  diminishes  the 
fertilizing  properties  of  the  manures  that  may  be  added  to  the  soil 
when  the  seed  are  planted.  The  excess  of  water  also  lowers  the  tem- 
l^rature  of  the  soil,  and  it  prevents  free  circulation  of  air  so  neces- 
sary for  the  healthy  condition  of  the  roots.  The  cotton  plant  is  par- 
ticularly averse  to  excessive  rains  and  a  saturated  atmosphere  and 
«oil,  and  will  not  thrive  well  under  such  conditions.  Whenever  these 
conditions  prevail  during  the  spring  or  the  growing  season  the  powers 
of  the  plant  to  produce  an  abundance  of  well-matured  fiber  will  ])e 
greatly  curtailed. 

The  cotton  plant  loves  the  sun,  and  during  its  entire  life  must  have 
an  extra  quantity  of  warm  rays.  It  thrives  best  in  that  climate  where 
the  atmosphere  is  well  warmed  by  the  almost  vertical  rays  of  the  sun. 
In  discussing  the  temperature  phase  of  this  subject  this  fact  must  be 
well  borne  in  mind.  Observation  extended  over  a  wide  field  of  expe- 
rience has  proven  this  proposition  to  be  indisputable.  •  Seven  months 
from  the  planting  of  the  seeds  until  picking  is  about  completed  are 
required  for  the  full  and  satisfactory  development  of  the  cotton  in  all 
its  functions.     These  seven  months  must  contaiti  a  large  share  of  sun- 
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shine  and  be  free  from  heavy  frosts.  Table  XXV,  at  the  end  of  this 
work,  will  show  that  the  percentage  of  cloudy  days  is  small  when  com- 
pared with  the  amount  of  clear  weather.  From  this  table  we  learn 
that  on  an  average,  in  the  middle  section  of  the  cotton  belt,  46  days 
out  of  100  produce  cloudy  weather,  while  54  days  are  entirely  clear. 
This  table  also  shows  that  32  days  in  100  throughout  the  middle  por- 
tions of  the  belt  are  likely  to  produce  rain  during  the  spring  of  the  year. 

Table  XII,  minimum  temperatures,  page  34,  proves  that  during 
the  months  of  April  and  May  the  weather  is  seldom  so  cold  as  to  en- 
tirely destroy  the  tender  cotton  plant  just  after  it  reaches  the  surface 
of  the  ground  when  it  is  most  susceptible  to  the.  influence  of  cold. 
As  has  already  been  stated,  the  seed  is  planted  about  the  middle  of 
April  in  the  southern  portions  of  the  belt,  and  the  plant  comes  above 
the  surface  some  time  during  the  first  part  of  May.  The  table  here- 
with given  proves  that  very  rarely  does  the  thermometer  record  tem- 
peratures lower  than  33°.  The  maximum  temperature  sometimes 
goes  as  high  as  98°,  but  the  range  is  generally  between  80°  and  95°, 
thus  supplying  a  large  percentage  of  heat  rays  for  the  warmth  of  the 
soil.  As  far  south  as  Mobile,  during  a  period  of  21  years,  the  tem- 
perature ranged  above  40°  as  often  as  18  years  and  above  45°  as  often 
as  10  years.  At  Augusta,  Ga.,  in  the  middle  area  of  the  cotton  belt, 
the  minimum  temperature,  throughout  a  period  of  19  years,  ranged 
above  40°  nine  times,  and  fell  below  35°  only  five  times  during  the 
period  covered  by  the  records.  At  Vicksburg,  also  in  the  middle  sec- 
tion, the  minimum  temperature,  in  a  period  of  19  years,  ranged  above 
40°  fifteen  times,  and  fell  below  35°  only  twice.  At  Montgomery, 
Ala.,  in  the  central  belt,  and  on  the  edge  of  the  great  prairie  region, 
the  minimum  temperature  ranged  above  40°  13  years  out  of  a  record 
of  19  years.  These  facts  indicate  a  remarkably  fair  season  for  the 
planting  of  the  seed,  and  show  that  the  soil  is  not  so  chilled  as  to 
prevent  the  rapid  germination  of  the  plant.  It  is  therefore  customary 
among  the  farmers  throughout  the  extent  of  this  southern  area  to 
plant  a  week,  and  in  some  places  two  weeks,  earlier  than  in  that  por- 
tion of  the  cotton  belt  located  north  of  Montgomery  and  Augusta. 

By  the  first  of  May  cotton  planting  has  become  general  throughout 
the  entire  area  of  the  cotton  belt.  After  the  close  of  the  second  week 
in  May  frost  is  not  likely  to  occur,  and,  although  there  may  be  a  few 
cool  nights,  the  cotton  plant  in  its  young,  tender  condition,  stands  a 
very  fair  chance  in  all  sections  of  the  country  under  consideration. 
By  a  glance  at  the  table  of  temperatures  for  May  we  will  see  that  the 
mean  minimum  ranges  above  52°  at  all  stations,  and  at  the  majority 
it  is  above  60°.  The  minimum  temperature,  even  at  the  extreme 
northern  stations,  never  falls  below  35°,  and  at  twenty-five  out  of 
thirty-one  stations  furnishing  continuous  records,  the  minimum  is 
never  lower  than  40°. 
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At  Memphis,  Tenn.,  one  of  the  stations  situated  in  the  northern 
Hmitfi  of  the  cotton  region,  and  around  which  cotton  is  quite  success- 
fully cultivated,  the  minimum  temperature  during  a  period  of  twenty 
years  ranged  above  45°  fifteen  years,  and  did  not  fall  below  40°  a 
single  time  during  those  twenty  years.  When  w^  couple  with  this 
fact  the  frequency  with  which  the  thermometer  recorded  temperatures 
above  90°  (thirteen  times)  during  this  long  period,  we  can  readily 
understand  why  it  is  safe  to  put  in  the  crop  even  as  early  as  the  last 
week  in  April.  This  is  not  true  with  regard  to  the  section  of  country 
immediately  surrounding  Knoxville,  Tenn.,  another  one  of  the  north- 
ern section  stations.  On  account  of  the  difference  in  altitude  between 
Memphis  and  Knoxville,  although  there  is  so  little  in  latitude,  the 
climate  of  the  latter  place  is  more  severe  in  May  than  at  the  former, 
and  consequently  the  season  is  so  much  shortened  the  growth  of  the 
cotton  there  is  not  so  certain.  At  Knoxville  the  minimum  tempera- 
ture, in  a  period  of  twei;ity-one  years,  fell  too  near  the  frost  limits 
eleven  out  of  the  twenty-one  years,  and  of  the  remaining  years  only 
five  gave  minimum  results  above  45°. 

Table  XIII,  page  36,  giving  by  comparison  the  minima  and  the 
mean  minima  temperatures,  will  be  interesting  in  this  connection. 
The  latter  represents  what  I  have  termed  plant  temperatures,  because 
they  are  apt  to  occur  each  year,  while  the  minima  may  not  occur 
oftener  than  once  in  several  years.  I  have  selected  for  this  table  four 
stations  in  the  northern  part  of  the  cotton  belt,  five  in  the  central 
portion,  and  four  in  the  southern  section.  These  stations  are  so  dis- 
tributed as  to  give  average  results  for  the  entire  belt.  It  will  be 
noticed  that  where  the  mean  minimum  temperature  is  below  55°  the 
growth  of  cotton  is  not  entirely  successful,  while  in  those  portions  of 
the  region  where  cotton  is  cultivated  on  a  large  scale  the  mean  mini- 
mum temperature  ranges  from  55°  to  65°  in  April.  This  table,  to 
bring  out  its  most  important  features,  should  be  compared  with  the 
map  of  the  cotton  area,  Chart  VII,  and  also  compared  with  the  table 
of  last  frosts  furnished  elsewhere.  The  first  figures  represent  the 
minima  temperatures  and  the  second  figures  are  given  for  the  mean 
minima  temperatures : 
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Table  XIII. — Minima  and  mean  minima  temperatures  at  selected  stations. 


Stations. 

1879- 

1880. 
0 

1881. 

1883. 

o 

0 

0 

*'"">«» 5^., 

36 
55 

25 
50 

43 
56 

Fort  Smith. 

>,    ... 

Knozville .. 

^44-8 

30 
49-5 

24 
44-7 

36 
51 

Memphis... 

536 

hi-4 

39 
53-4 

27 

50-6 

41 
56.5 

Kitty  hawk  . 

(45-4 

i3 
50-3 

48.1 

^0 
51-8 

Charleston  . 

\u 

58.9 

32 
52.7 

46 
59-9 

Montgomery 

536 
(53-9 
C 

40 
59-2 

30 
54 

48 
59-1 

43 
59 

47 
60.3 

Palestine... 

{:::;: 

Vicksburg. . 

539 
^55-4 

41 
59-4 

31 
56.6 

Brownsville 

550 
^67 

46 
69.3 

64.7 

48 
66.3 

Jacksonville  <??  . 

(57 '0 

42 
6a.  6 

37 
58.4 

56 
64.3 

Mobile 

540 
(57- 1 

tl 

32 
57-5 

49 
62.5 

N.Orleans.. 

(46 
>58-7 

49 
64.8 

38 
59-5 

66.1 

1883. 


37 
52 

37 

51-2 


39 
54- 

36 
51- 


41 
56.7 

44 
56-5 

44 
57-5 

67.6 

52 
64 

47 
61. 1 

51 
64.7 


IS84. 

1885. 

1886. 

1887. 

0 

0 

0 

0 

35 
50.2 

36 
51-5 

51-8 

36 
50-3 

35 
48.9 

40 
52.2 

30 
49-5 

30 
50.3 

31 
45-7 

29 
46.9 

29 
49-5 

46.3 

41 
51-8 

35 
55-1 

34 
53-2 

38 
53-7 

3»o 
45-8 

^.8 

^.6 

33 
46.4 

U.^ 

Ji.7 

39 
55-5 

33 
55-5 

43 
54-2 

53-6 

36 
54-9 

40 
54-4 

.S,V6 

58-8 

36 
55-4 

40 
55-4 

44 
54-7 

42 

58.7 

35 
54-9 

43 

55-2 

47 
64.1 

M 

45 
64.4 

51 
65-7 

47 
60.6 

47 
59-9 

44 
59-2 

38 
58.3 

43 
58.5 

40 
59- 1 

3Z 
56-2 

41 
55-9 

50 
61 

52 
64.9 

41 
58.3 

60. 1 

1888. 


1889. 


40 

54-1 

42 

55-4 

36 

49-5 

*^  o 
55.8 

39 
47 

50 
58.9 

44 
57-9 

42 

61.3 

46 

58-7 

61 

68.4 

49 
61.9 

50 
00.9 

56 
63-3 


34 
.SI -8 

43 
54-1 

32  ^ 
48.6 

41 
54-4 

41 
46.4 

42 

55- X 

41 
55-1 

50 

58.4 

46 

56.5 

56 
67.2 

44 
57-3 

44 
58 

54 
61.4 


1890. 


42 

53 

39 
53 

35 
50-7 

39 
53-4 

37 
5»-5 

47 
57-3 

44 

56.8 

46 

51 

59 

53 
67.7 

47 
60.4 

48 
60.5 

56 
62.5 


1891. 


Aver- 
age. 


o 

38 

52.6 

28 
50.6 

29 

49-3 

33 
54-9 

36 

48.6 

38 

57-9 

31 
55-3 

36 
54-9 

33 

56.4  I 

I 

50 
63-3 

34 

58.2 

32 
57-1  I 

41 
60.9 


34-9 
52.2 

36.0 
51-7 

48.8 


37- 
53- 

36- 

4S. 

42- 

5t». 


39-4 

55- S 

42. 2 

57.0 

4«-7 
57-2 

5'-3 
66.7 

44-3 
60.2 

43.0 
59.9 

49.0 
62.0 


SOIL   TEMPERATURES. 

Soil  temperatures  furnish  interesting  data  for  comparison  with  air 
temperatures  in  the  study  of  the  subject  of  the  climatology  of  plant 
growth.  These  temperatures  show  how  much  below  the  surface  of  the 
earth  the  heat  of  the  sun  has  penetrated,  and  the  power  certain  soils 
have  for  retaining  the  heat  required  for  all  the  demands  of  the  ger- 
minating seed.  It  is  to  be  regretted  that  so  little  work  has  been  done 
in  this  connection  and  that  so  little  data  can  be  secured  relating  to  the 
temperature  of  the  soil.  The  observations  at  Auburn  and  Uniontown, 
Ala.,  from  which  records  Table  XV  has  been  made,  cover  so  limited 
a  period  of  time,  the  conclusions  drawn  in  connection  with  the  sub- 
ject under  consideration  can  only  be  general. 

In  the  discussion  of  this  portion  of  our  subject  it  may  not  be  amiss 
to  make  a  comparison  between  what  has  been  determined  to  be  the 
germinating  temperature  of  seeds  and  the  general  temperature  condi- 
tions of  the  soil  during  the  planting  season  of  April  and  May.  The 
seeds  that  have  been  selected  for  this  purpose,  it  is  true,  are  different 
in  character  to  that  of  cotton,  and  it  may  be  possible  that  they  will 
germinate  at  temperatures  several  degrees  lower  than  will  cotton  seed, 
but  I  am  in  hopes  for  the  purposes  we  have  in  view  they  will  serve 
our  object.  No  experiments  that  the  writer  is  aware  of  have  been 
made  to  determine  the  germinating  temperature  of  cotton  seed.  JEx- 
periments  are  now  under  way  at  the  Alabama  Agricultural  Experi- 
ment Station  at  Auburn  to  solve  this  interesting  problem. 
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The  miDimum  teiQi>erature  below  which  it  is  said  seeds  will  not 
germinate  has  been  given  byHaberlandt  as4.75°C.,  or 40.6°  F.  Some 
seeds,  however,  may  be  made  to  start  even  below  this  temperature. 
Between  the  maximum  and  minimum  germinating  temperatures  there 
is  an  optimum  at  which  germination  begins  moat  speedily,  and  our 
table  of  soil  temperatures  shows  that  this  point  is  reached  very 
often.  As  a  means  of  comparison  I  give  Table  XIV,  taken  from 
Sach'B  Botany,  containing  the  germinating  temperatures  of  certain 
well  known  plants. 

Tabi.k  XIV. — Gerviinating  lemperalurea. 


1 

Tjb[.e  XV. — SoU  aad  air  ttmperaturt*  al  Aahurn  aiii   Uaiontoan,  Alabama. 
SOIL  TEMPERATURES, 


/ 
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Table  XV. — ^M  and  air  temperatures  at  Auburn  and  Uniontotcn — Coutinued. 

AIR  TEMPERATURES. 


April. 


May. 


Years. 


Auburn. 

1889.... 

1890  . . . . 

1891 .... 
UniontowD. 

1889.... 

1890  . . . . 

1891  .... 


Max. 

• 

c 

i 

• 

e 

• 

K 

Min. 

0 

0 

0 

0 

0 

84.0 
86.0 
85.0 

41.0 

45- 0 
30.0 

67-5 
65.6 

64.5 

90.0 
87.0 
90.0 

41.0 
48.0 
46.0 

82. 0 
83.0 
83.0 

38- 0 
42.0 

30.0 

62.5 
64.7 

63-5 

89.0 

88.5 

89.0 

45- 0 
42.0 

45- 0 

e 


72.9 
72-4 
724 

70.1 
71. a 

69.6 


The  maximum  temperature  for  Uniontown,  it  will  be  noticed,  is 
lower  than  that  for  Auburn.  This  may  be  explained  on  the  ground 
that  the  soil  at  the  former  place  is  more  moist  than  is  the  soil  at  the 
latter  place.  The  predominating  soil  at  Auburn  i?  of  a  sandy,  open 
nature  that  readily  gives  up  the  moisture  it  receives  from  the  rains 
and  dews  under  the  influence  of  the  sun's  rays,  while  the  soil  at 
Uniontown  is  calcareous  in  composition  and  receives  and  retains  the 
water  much  longer  and  hence  keeps  down  the  temperature  of  the  soil. 

It  is  thus  observed  that  under  the  influences  of  the  occurrence  of 
high  temperatures  and  the  generally  prevailing  fine  weather  after  the 
20th  of  April,  the  soil  has  become  rapidly  warmed  and  the  seed 
quickly  germinates  and  is  generally  very  well  started  above  the  sur- 
face of  the  ground  by  the  middle  of  May.  The  seed  usually  takes 
from  five  to  twenty  days  to  come  up,  if  the  soil  is  kept  comparatively 
warm  and  the  rains  have  been  sufficient  to  supply  the  needed  mois- 
ture. When  the  young  plant  is  three  or  four  weeks  old  the  crop  is 
thinned  out  to  a  stand.  This  takes  place  after  the  third  or  fourth 
leaf  appears.  In  planting,  sufficient  seed  are  put  in  the  drill  to  in- 
sure a  good  stand,  and  when  "  chopping  out "  is  completed  only  so 
many  plants  are  left  standing  in  the  field  as  will  permit  the  roots  of 
one  to  spread  without  interfering  with  those  of  another.  This  gives 
also  ample  room  for  the  expansion  of  the  limbs  of  the  plants,  so  that 
the  sunlight  may  penetrate  to  all  the  leaves,  and  thus  insure  the  de- 
velopment of  flowers  and  the  rapid  opening  of  the  bolls  that  con- 
tain the  fiber. 


v.— THE    GROWING    PERIOD    OF    THE    PLANT,    AND    ITS    WEATHER 

CONDITIONS. 

• 

This  period  might  be  properly  termed  the  season  from  "  chopping 
out"  to  the  appearance  of  the  first  boll.  In  the  central  portions  of 
the  cotton  belt  this  time  is  generally  from  the  first  of  June  to  the  fi^rst 
of  August.  The  first  bloom  opens  early  in  June  and  the  first  boll 
forms  early  in  August.     During  this  period  in  the  life  of  the  plant 
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there  must  be  a  large  supply  of  sunshine,  and  only  so  much  moisture 
as  will  furnish  the  plant  with  what  it  needs,  and  at  the  same  time 
not  make  the  soil  so  damp  as  to  cause  too  rapid  multiplication  of 
surface  roots  nor  cause  too  great  a  growth  of  what  farmers  term 
"  weed,"  that  is,  rapid  development  of  stalk  and  branches  to  the  detri- 
ment of  flowers  and  fruit.  The  atmosphere  must  not  be  very  dry, 
but  there  must  be  that  degree  of  moisture  present  that  will  readily 
become  absorbed  by  the  soil  at  night  in  the  shape  of  dew,  with  occa- 
sional good  showers  through  the  season.  The  surface  soil  must  be 
often  stirred  during  this  growing  period  so  as  to  permit  of  free 
circulation  of  air  through  the  soil,  the  penetration  of  the  warm  sun's 
rays,  and  the  condensation  of  moisture  from  the  atmosphere  as  it  cir- 
culates over  the  soft  land  at  night,  and  in  the  cool  early  morning.  In 
this  manner  much  of  the  moisture  required  by  the  roots  will  be  se- 
cured, although  rains  may  not  be  frequent ;  and  at  the  same  time  an 
ample  supply  of  sunshine  and  warilith  will  give  the  young  buds  vigor, 
and  cause  them  to  open  promptly  and  bring  forth  healthy,  well- 
developed  bolls. 

Experience  has  shown  that  the  above  conditions  are  required  dur- 
ing the  growing  season  to  produce  the  best  results  in  cotton  culture. 
Now  let  us  see  what  are  the  actual  climatic  conditions  prevailing  in 
the  cotton  belt  during  these  months  of  June  and  July,  and  note  in 
what  respects  they  comply  with  the  requirements  and  in  what  points 
they  fail.  To  bring  out  these  features  the  following  tables,  taken 
from  the  files  of  the  Weather  Bureau,  have  been  prepared.  A  care- 
ful examination  of  these  tables  will  present  the  striking  fact  that 
the  weather  conditions,  during  these  two  months,  come  very  near 
filling  all  the  requirements  of  the  perfect  cotton  culture.  It  is  true 
that  some  seasons  are  very  unfavorable  and  poor  crops  are  the  result, 
but  in  the  study  of  this  question  of  climatology  we  must  be  gov- 
erned by  conclusions  drawn  from  data  covering  a  long  term  of  y^ars 
rather  than  confining  our  deductions  to  isolated  years  only. 

During  the  months  of  June  and  July  rains  are  not  ordinarily  heavy, 
and  floods  occur  only  at  long  intervals.  Table  XVI  shows  that  the 
greatest  normal  rainfall  is  6.83  inches  for  June  at  Cedar  Keys,  Fla., 
and  for  July  it  is  8.68  inches  at  the  same  place.  The  largest  number 
of  rainy  days  that  occur  during  the  two  months  usually  take  place 
at  stations  along  the  Atlantic  and  Gulf  coasts.  At  stations  in  the 
interior  the  rain  is  not  so  frequent,  but  with  the  exception  of  some 
of  the  stations  in  Texas,  there  is  never  less  than  ten  normal  rainy 
days  in  each  month,  thus  furnishing  ample  moisture  for  all  the  de- 
mands of  the  cotton  plant  while  in  its  blooming  season.  Much  rain 
during  this  period  is  decidedly  injurious  to  the  plant  because  the 
flowers  are  so  singularly  constituted  that  if  water  accumulates  in  the 
cup  formed  by  the  petals  and  sepals  rapid  decay  will  take  place, 
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caused  by  fermentation  of  the  gelatinous  substance  generated  at  the 
base  of  the  flowers,  and  the  forms  will  shed  off  and  the  yield  of  the 
plant  be  correspondingly  decreased.  These  flowers  open  in  the  early 
morning,  just  after  the  sun  rises  above  the  horizon,  and  remain  ex- 
panded to  the  sun's  rays  until  late  in  the  evening,  when  the  petals 
close  and  remain  so  until  next  morning  when  they  open  again. 

At  this  stage  of  their  development  the  color  changes  from  a  deli- 
cate cream  to  a  light  red.  At  the  close  of  this  day  the  petals  fall  off, 
leaving  a  small  boll  surrounded  by  the  green  sepals.  Now,  if  the 
rains  are  frequent  during  this  period  the  petals  have  their  sensitive 
organisms  greatly  dulled,  and  the  absence  of  the  sunlight,  so  neces- 
sary for  their  activity,  causes  them  to  stick  to  the  forming  boll  and 
decay  rapidly  follows.  Much  cloudy  weather  during  this  period  is 
almost  as  injurious  as  continual  rains,  for  the  reasons  already  stated 
— the  cotton  plant  is  a  sun  plant.  Now,  a  glance  at  our  tables  will 
show  that  the  normal  conditions  'throughout  the  cotton  belt  are  very 
favorable  for  the  growth  of  such  a  peculiarly  delicate  plant.  If  the 
season  during  April  and  May  has  been  propitious  the  tap  root  is  deep 
in  the  soil  at  this  stage  of  the  plant,  and  the  supply  of  moisture 
brought  up  from  below  is  amply  suflicient  for  all  demands  if  a  shower 
falls  occasionally. 

This  plant  can  stand  a  much  longer  drought  while  blooming  than 
almost  any  other  vegetation,  and  hence  the  fall  of  rain  should  not  l)e 
more  frequent  than  once  in  three  or  four  days,  and  the  showers  should 
be  very  light,  permitting  as  much  as  possible  the  largest  amount  of 
sunshine.  In  Table  XIX,  probability  of  rainy  days,  page  45,  it 
will  be  noticed  that  the  number  of  days  on  which  rain  is  apt  to  fall 
during  these  two  months  does  not  exceed  51  per  cent,  at  any  point 
in  the  entire  region  of  the  cotton  belt,  and  at  mo'st  places  it  gener- 
ally does  not  exceed  40  per  cent.  The  average  number  of  sunny  days 
during  June  and  Jdly  is  56  per  cent.  At  many  of  the  stations,  how- 
ever, the  percentage  of  perfectly  clear  days  is  greater  than  that  given 
above  for  the  entire  region.  For  instance,  at  Memphis,  Tenn.,  it  is 
69  per  cent. ;  at  Vicksburg,  Miss.,  it  is  68  per  cent. 

In  Table  XVII,  June  and  July  temperatures,  special  attention  is 
called  to  the  close  uniformity  existing  between  the  two  months, 
and  also  how  near  the  same  temperature  is  furnished  by  all  the  sta- 
tions occupying  the  southern  portion  of  the  cotton  belt.  This  is 
found  to  be  true  also  when  the  stations  of  each  of  the  other  two 
sections  are  compared  with  each  other. 

During  this  period  of  it«  growth  the  plant  is  forging  ahead  rapidly, 
making  leaves  and  roots,  and  towards  the  middle  of  June  flowers  are 
opening  in  all  directions  of  the  cotton  belt  under  the  warm,  invigor- 
ating influence  of  the  atmosphere  so  favorably  prevailing  all  over 
the  countrv. 
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44  CLIMATOLOGY    OF   THE   COTTON    PLANT. 

A  remarkable  fact  concerning  these  two  months  consists  in  the 
very  uniform  range  of  not  only  the  normal  temperature  but  also  in 
the  annual  means  of  the  months.  In  June  there  are  only  10°  be- 
tween the  greatest  normal  and  the  least;  while  in  July  there  are 
only  8°  difference.  When  one  year  is  compared  with  another  the 
following  results  become  apparent:  For  the  sake  of  contrast  one 
station  from  each  of  the  sections  of  the  belt  (north,  middle,  and 
southern)  has  been  selected — 

Memphis. — The  mean  temperature  for  June,  during  a  period  of 
twenty  years,  ranged  from  70°  to  80°,  and  for  eighteen  years  was 
above  75°.  For  July  the  range  was  from  77°  to  84°.  Fifteen  of  the 
twenty  years  furnished  mean  temperatures  above  80°. 

Montgomery. — This  station  has  a  record  of  nineteen  years.  The 
range  of  the  mean  temperature  was  in  June  from  77°  to  83° ;  in  July 
it  was  from  79°  to  86°.  In  June,  for  thirteen  years,  the  mean  tem- 
perature was  above  80°,  while  in  July,  for  sixteen  years,  it  was 
above  80°. 

Savannah, — For  eighteen  years  the  mean  temperature  in  June 
ranged  between  71°  and  83°.  For  nine  years  it  was  above  80°,  and 
for  sixteen  years  it  was  above  78°.  During  July  the  temperature 
ranged  between  79°  and  85°.  Eight  of  the  twenty  years  covering  the 
records  gave  a  temperature  above  84°. 

These  records  show  a  very  uniform  condition  of  the  temperature 
that  is  so  suitable  for  the  successful  cultivation  of  the  cotton  during 
its  flowering  period.  The  air  is  well  warmed  by  the  sun's  rays  and 
the  thermometer  often  reaches  90°.  What  has  already  been  shown 
in  regard  to  the  mean  temperature  is  true  in  relation  to  the  mean 
maxima  and  mean  minima.  At  New  Orleans  for  a  period  of  twenty 
years  the  mean  maximum  temperature  in  June  ranged  between  84.6° 
and  91.3°.  For  ten  years  there  was  less  than  1°  difference  between 
the  mean  maxima  temperatures.  In  July  out  of  eighteen  years  thir- 
teen of  them  gave  less  than  3°  range  between  the  mean  maxima, 
and  the  mean  minima  temperatures  for  the  same  period  of  time 
ranged  between  70.3°  and  78°  for  June  and  74.5°  and  77.8°  in  July; 
thus  showing,  what  has  already  been  said,  that  practically  the  same 
mean  temperature,  so  far  as  the  influence  on  plants  is  concerned, 
may  occur  from  year  to  year.  This  fact  may  be  more  strikingly 
exhibited  by  means  of  the  following  comparison  between  the  mean 
maxima  and  the  maxima  temperatures  at  some  of  the  stations  in  the 
cotton  belt : 
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Table  XVIII.  — Maximum  and  mean  maximum  temperatures  at  certain  stations  in 

the  cotton  belt  for  the  month  of  July. 


Stations. 


1879. 1  1880. 


Atlanta \\  ?7 


Fort  Smith. 
KnozTille.. 
Memphis... 
Kittyhawk  . 
Charleston  . 


87.0 


94 
87. 7 


100 
90-2 

99 
93- o 


104 
89-5 


Montgomery  . . . .)  *°' 


Palestine  ... 
Vieksburg .. 
Brownsville 


92.8 


92.1  89.8 
Jacksonville V»<H    97 


98 
93-2 

95 


94 
85-6 

95 
88.1 

83.2 

97 
90.9 

100 
93- 1 


1881. 

o 

98 
89.8 


99 
90.3 

99 
92. 7 

99 
83.4 

103 

90-5 
107 

95-9 


97 
91-3 

95 


Mobile 


New  Orleans \ 


92.8 

100 
91.0 

91 
87. 9 


92.4 

98 
92.0 

92 
88.3 


100 
97-4 

96 
92.7 

99 
91.9 

lOI 

94.0 

95 
90. 1 


1882. 

1883. 

1884. 

1885. 

1886. 

1887. 

1868. 

1889. 

1890. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

90 
83.6 

f5 
89.4 

85-1 

86.5 

92 
85.6 

100 
85.6 

94 
88.4 

95 
87.0 

96 

87-3 

100 

91.9 

100 
96.4 

104 
96.7 

99^ 
91.6 

103 
91-5 

104 
95-8 

too 
92.6 

98 
91.2 

lOI 

94-7 

89 

82.4 

96 
87.0 

85.1 

87-3 

St- 6 

100 
89.0 

93 

87.4 

86.1 

95 
87.4 

93 
83-9 

07 
89.8 

97 
90.7 

96 
90.8 

89-5 

99 
91. 1 

97  c 
91.8 

^.9 

98 
90.3 

96 
79-7 

100 
86.6 

97 
84 

tj 

91 
81.5 

107 
91.4 

100 
83-5 

100 
86.8 

fe-s 

89.2 

lOI 

92.1 

88-9 

94 
89.1 

86.8 

^.7 

100 
87.1 

97 
87.4 

92 
86.3 

95 

87.8 

99 
94.2 

95 
90.9 

98 
91.0 

95 
90.9 

100 
90.7 

98 
92.5 

99 
91.0 

97 
90.7 

98 
90.0 

97 
92.9 

98 
94.0 

95 
91.2 

97  « 
91.8 

102 
94.6 

94 
89.8 

99 
92.1 

97 
92.6 

96 
8S.9 

96 
92.8 

^0 
93-8 

99 
92.4 

96 
89.8 

95 
89.6 

97 
92.4 

94 
89-5 

99^ 
91.6 

94 
91. 1 

98 
93-9 

95 
92.2 

94 
91.9 

89.1 

92 

89-3 

90.8 

94 
91.0 

94 
91.7 

89.0 

98 
92.2 

96 
90.6 

95 
91-3 

94 
89-3 

100 
91-3 

90 
90.4 

89-7 

96 

89-5 

97 
89.1 

lOI 

95-7 

90 
89.7 

94 
89-5 

?3 
87.2 

98 
90.1 

97 
90.7 

95 
88.7 

96 
88.0 

92 

86.6 

94 
90.3 

95 
90.7 

92 
90.1 

93 

88.1 

96 
90.2 

96 
90.7 

95 
90.1 

96 
88-6 

I89I. 


90 
84.0 

87.1 

82-3 

M.7 

89 
80.6 

95 
86.5 

94 

88.7 

96 
90-5 

87.7 

95 
91-3 

95 
89.4 

87.4 

92 
87.7 


Table  XIX. — Percentage  of  mean  cloudy  days  and  probability  of  rainy  days  in  the 
cotton  rtgion^  compiled  from  the  records  covering  the  period  from  1871  to  1888. 

PERCENTAGE  OF  CLOUDY  DAYS. 


iStations. 


Sorthem  section. 

Atlanta,  &a , 

Churlotte,  N.  C 

ChattanooKH,  Tenn  . , 

El  Phmo,  Tex , 

Fort  Davis  Tex , 

Fort  Elliott,  Tex..., 
Fort  Smith,  Ark  .... 
KnoxviJIe,  Tenn  .... 
Little  Kock,  Ark..., 

Memphis,  Tenn 

Nashville,  Tenn 

Middle  aeetion. 

Auburn,  Ala 

Augusta,  Ga 

Charleston,  S.  C 

Green  Springs,  Ala  ., 

Hatteras,  N.  C . 

Kittyhawk,  N.  C... 
Montgomery,  Ala  ... 

Palestine,  Tex 

Shreveport,  La 

Vicksburg,  Miss 

WilminKton,  N.  C  ... 

Suuthem  gectioiu 
Brownsville,  Tex 
Cedar  Keys,  Fla 
(ialveston  Tex 
Indianola,  Tex 
Jacksonville,  Fla 

Mobile,  Ala 

New  Orleans,  La 

Ponsacola,  Kla 

Rio  Gramie  City,  Tex 

San  Antonio,  Tex 

Savannah,  Ga 


Jan.    Feb. 


58 
60 
61 
29 
31 
31 

1: 

54 

64 

59 
51 
50 
48 
56 

54 
60 

53 
58 
58 
54 


eb. 

Mar. 

Ik 

Apr. 

ik 

May. 

Ik 

June. 

Ik 

July. 

Aug. 

Ik 

Sept. 
ik 

Oct. 

Nov. 

ik 

Deo. 

Ik 

ik 

ik 

ik 

53 

46 

45 

46 

52 

46 

50 

43 

42 

46 

51 

52 

50 

49 

52 

53 

53 

53 

49 

43 

45 

51 

58 

52 

46 

46 

47 

44 

48 

44 

43 

47 

57 

30 

27 

23 

24 

28 

37 

35 

29 

25 

31 

28 

3» 

3» 

26 

28 

30 

35 

36 

36 

3» 

32 

29 

33 

34 

37 

41 

37 

34 

33 

30 

32 

31 

32 

56 

50 

*2 

41 

44 

3S 

41 

38 

40 

45 

51 

57 

53 

48 

45 

49 

46 

45 

41 

39 

52 

•54 

5<> 

5» 

44 

46 

42 

39 

37 

37 

37 

44 

52 

57 

51 

47 

46 

45 

42 

40 

40 

38 

51 

56 

61 

56 

53 

50 

52 

48 

44 

44 

42 

53 

62 

55 

47 

46 

45 

51 

48 

49 

44 

41 

46 

50 

49 

45 

44 

42 

48 

47 

50 

46 

37 

45 

48 

47 

43 

41 

42 

49 

48 

50 

47 

37 

42 

47 

35 

29 

30 

18 

21 

»9 

20 

16 

»9 

30 

37 

48 

46 

43 

43 

46 

42 

46 

41 

42 

47 

49 

47 

48 

49 

43 

44 

44 

52 

45 

44 

48 

51 

55 

47 

46 

44 

5» 

49 

49 

45 

41 

47 

50 

55 

50 

52 

^l 

43 

37 

38 

39 

39 

47 

52 

55 

51 

49 

46 

45 

40 

36 

37 

37 

46 

53 

55 

49 

44 

43 
46 

42 

42 

41 

45 

38 

48 

54 

51 

47 

44 

49 

50 

52 

49 

4» 

46 

49 

56 

56 

55 

46 

39 

34 

41 

47 

41 

52 

53 

38 

41 

3t> 

40 

50 

52 

49 

41 

35 

37 

43 

53 

51 

48 

47 

41 

38 

41 

42 

37 

45 

51 

54 

56 

50 

49 

39 

37 

37 

39 

37 

46 

54 

45 

40 

40 

40 

47 

43 

44 

48 

43 

45 

47 

50 

48 

47 

43 

49 

49 

49 

44 

40 

45 

51 

50 

46 

48 

45 

46 

48 

46 

45 

39 

47 

53 

49 

44 

44 

42 

45 

47 

49 

42 

40 

46 

51 

47 

49 

45 

40 

36 

26 

38 

47 

39 

46 

43 

54 

53 

52 

53 

45 

45 

44 

44 

43 

50 

49 

48 

43 

42 

42 

49 

48 

50 

48 

40 

45 

46 

46 
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Table  XIX. — Percentage  of  mean  cloudy  days,  &c. — Continued. 

PROBABILITY  OF  RAINY  DAYS. 


Stations. 


Northern  iociion, 

AtlantA,  (ia 

Charlotte,  N.  C 

Chattanooga,  Tenn 

£1  Paso,  Tex 

Fort  Davis,  Tex 

Fort  Elliott,  Tex 

Fort  Smith,  Ark 

Knox vi  I  le,  Tenn 

Little  Rock,  Ark 

Memphis,  Tenn 

Nashville,  Tenn 

AtidcUe  seetUm. 

Aubnrn,  A  la 

Augusta,  Ga 

Charleston ,  !^.  C 

Green  Springa,  Ala 

Hiitteras,  N.  C 

Kittyhawk,  N.  C 

Mont^omerv,  Ala 

Palestine,  Tex 

Shreveport,  La 

Vicksburg,  Miss 

Wilmington,  N.  C 

&iuthem  nection, 

Brownsville,  Tex 

Cedar  Keys,  Fla. . , 

Galveston,  Tex 

Indinnoln,  Tex 

Jacksonville,  Fla 

Mobile.  Ala 

New  Orleans,  La 

Pensacola,  Fla 

Rio  Grande  City,  Tex  . . . 

San  Antonio,  Tex 

Savannah,  Ga 


Jan. 

Feb. 

47 
46 

P 

49 

47 

II 

H 

II 

9 

9 

II 

24 

29 

47 

42 

35 

37 

41 

39 

42 

40 

40 

38 

38 

37 

38 

35 

33 

31 

52 

36 

50 

38 

40 

38 

36 

36 

38 

39 

41 

39 

42 

39 

31 

as 

31 

^ 

38 

32 

28 

31 

33 

37 

31 

36 

33 

42 

25 

19 

13 

31 

29 

34 

34 

Mar. 


38 
38 
41 

9 
10 
15 

28 

41 
38 

41 
40 

35 
35 
32 
30 
39 
43 
35 
31 
34 
34 
36 

31 
25 
31 
33 
25 
34 
32 
31 
15 
24 
29 


Apr. 


35 
34 
35 
4 
12 
18 
38 
39 
33 
37 
37 

30 
29 
27 
27 
34 
39 
31 
32 
33 
32 
31 

12 

»9 
23 
19 
24 

26 

27 
26 

II 
26 

30 


May. 

Jane. 

33 

38 

39 

41 

36 

43 

8 

13 

17 

29 

29 

25 

29 

32 

39 

43 

37 

37 

34 

36 

34 

40 

31 

38 

30 

37 

28 

3C» 

19 

27 

31 

37 

33 

33 

31 

40 

32 

36 

27 

3? 

36 

34 

32 

38 

21 

33 

23 

38 

23 

27 

18 

33 

32 

45 

37 

44 

32 

46 

24 

42 

31 

15 

26 

31 

39 

43 

Jaly. 


33 
39 
41 
29 
32 
23 
29 
41 

31 
39 

35 

33 
45 
36 
33 

34 
24 
33 
31 
41 

18 
46 
33 

33 

46 
41 

5» 
48 
II 


Aag.  I  Sept. 


Oct. 


Nov. 


41 
36 
39 

38 

33 

36 

36 

37 
31 
27 
39 

40 

39 
42 
36 

44  ! 

43 

36 

23 

33 

29 

47 

24 
41 

33 

28 
46 

41 
47 
45 

31 
33 

43 


38 

25 

32 

31 

29 
18 
30 
36 
33 
25 
27 

36 

36 

36 
16 

25 

36 

24 
25 
25 

25 

33 

36 
29 
34 
35 
47 
31 
36 
31 
24 
38 

38 


36 
27 

27 


19 

31 
24 
24 
24 


23 
24 
36 

18 

32 
30 
31 

23 
33 

33 

36 

25 
23 
25 
24 
32 
33 

24 
33 
18 
33 
25 


34 
3» 
31 

13 
14 

9 

36 

32 

32 

36 

35 

30  i 
31 
27 
33 

32 
37 
29 
31 
31 
33 
28 

25 
33 

31 
29 

3b 

25 
32 

29 
16 

25 
25 


Dec 


39 
38 
40 
II 
% 
II 
*5 
39 
32 
37 
39 

3« 
33 
32 
30 

41 
36 
38 
33 
34 
36 
36 

38 
32 
25 

33 

39 

§ 

24 

31 


VL— CHARACTER  OF  WEATHER  BEST  SUITED  FOR  THE  PRODUCTION 
OF  FIBER  DURING  ITS  PROCESS  OF  FORMATION. 

The  first  boll  generally  opens  early  in  August,  the  interval  from 
the  first  bloom  to  the  first  boll  being  about  40  to  50  days,  the  shorter 
interval  being  required  later  in  the  season.  The  plant  continues  to 
bloom  during  the  month  of  August  and  until  the  latter  part  of  Sep- 
tember, but  its  powers  in  this  regard  are  steadily  reduced  as  the  vital- 
ity goes  more  and  more  into  growing  the  already  formed  bolls  and 
bringing  them  to  maturity.  In  the  Southern  States  the  cotton  plant 
is  decidedly  an  annual,  whatever  may  have  been  its  condition  in  its 
original  form,  and  the  work  of  perfecting  its  seed  completes  its  life. 
It  is  a  question  of  considerable  interest,  that  if  the  frosts  of  autumn 
could  be  delayed  from  year  to  year  until  late  in  the  winter,  how^  long 
would  the  cotton  plant  continue  to  bloom  and  mature  bolls  of  well- 
developed  fiber  ? 

During  this  period  in  the  history  of  the  cotton  plant  there  must 
be  an  abundance  of  sunshine  and  a  small  amount  of  moisture.  At 
this  time  the  plant  has  reached  its  full  height  and  the  largest  share 
of  its  vitality  must  go  towards  making  seed  and  developing  fiber.  If 
much  rain  occurs  at  this  stage  in  its  life  three  deleterious  results  will 
take  place :  First,  the  "  weed  "  or  stem,  leaves,  and  branches  will  be- 
gin rapidly  to  multiply  to  the  detriment  of  the  fruit.     The  plant  will 
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fltx)p  blooming  and  the  squares  already  formed  will  shed  because  of 
the  too  rapid  growth  of  the  parts  of  the  branches  to  which  they  are 
attached.  Second,  the  bolls  already  formed  will  begin  to  decay, 
caused  by  the  surplus  water  absorbed  by  them,  and  thus  rendered  un- 
able to  open,  since  it  takes  a  large  per  cent,  of  warmth  and  sunlight 
to  cause  the  bolls  to  open,  they  will  be  destroyed.  Third,  the  fiber  in 
the  bolls  already  opened,  when  the  rain  season  begins  will  be  beaten 
out  on  the  ground  and  lost  or  badly  stained.  It  is  therefore  best  for 
the  condition  of  the  cotton  plant  that  much  dry  weather  must  pre- 
vail during  the  months  of  August  and  September.  There  is  not 
much  necessity  for  rains  and  only  enough  moisture  is  required  to 
satisfy  the  demands  of  the  plant  as  it  supplies  new  material  to  the 
growing  bolls  and  opening  flowers.  Much  of  this  moisture,  however, 
can  be  secured  through  the  roots,  if  they  have  been  forced  deep  into 
the  soil  by  seasonable  weather  during  the  .early  period  of  the  plant, 
as  already  mentioned  in  the  first  portions  of  this  monograph.  An 
occasional  light  shower,  to  prevent  the  soil  from  becoming  too  dry, 
Avill  suit  all  requirements. 

Although  droughts  occur  frequently  during  the  months  of  July 
and  August,  still  the  normal  results  indicate  for  the  entire  cotton 
belt  43.5  per  cent,  of  cloudy  days  while  the  probability  of  rainy  days 
is  34.5  per  cent.  The  sun  is  likely,  under  these  conditions,  to  shine 
unclouded  56.5  days  in  the  100.  This  character  of  the  season  is  most 
propitious  for  the  plant  in  its  flowering  and  boll-forming  period. 

The  above  table  of  cloudy  days  and  probability  of  rainy  days,  sim- 
ply shows,  in  the  case  of  rain,  how  many  days  in  100  may  produce 
0.01  of  an  inch  or  more  of  rain.  In  September  the  probability  of 
rain  in  the  northern  section  of  the  cotton  belt  is  as  1 :  4,  or  one  day 
in  four  may  produce  rain.  The  normal  rainfall  for  this  month  in 
the  same  region  of  the  cotton  belt  is  3.03  inches.  So  that  the  eight 
days  of  precipitation  may  produce  on  an  average  0.38  of  an  inch  each 
day.  This  indicates  a  dry  month  in  its  normal  condition,  and  there- 
fore very  favorable  for  gathering  the  staple.  The  large  per  cent,  of 
flunahine,  61  per  cent.,  causes  the  bolls  to  open  rapidly  and  preserves 
the  fiber  in  its  purest  whiteness.  The  tables  of  rainfall  and  days  of  rain 
and  cloudiness  show  that  this  character  of  weather  continues  through 
October;  thus  furnishing  two  months  of  fine  season  for  gathering 
the  crops.  In  the  central  portion  of  the  belt  we  find  a  similar  con- 
dition of  the  cast  of  the  sky.  The  probability  of  rain  in  Septem- 
ber is  27  per  cent,  out  of  100 ;  and  the  per  cent,  of  cloudy  days  is 
44,  or  66  per  cent,  of  sunshiny  weather.  The  normal  rainfall  for 
this  section  for  September  is  4.74  inches,  or  0.59  of  an  inch  for  each 
of  the  eight  days  of  rain.  There  is  more  rain  throughout  the  south- 
ern belt  than  in  either  of  the  other  two.  The  normal  is  5.72  inches, 
the  probability  of  rain  is  1 :  3,  or  33  days  in   100  may  produce  rain. 
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The  per  cent,  of  cloudy  days  is  44.8.      So  that  during  September 
there  is  a  probability  of  55  days  of  sunshiny  weather  in  100. 

An  interesting  fact  is  brought  out  in  the  study  of  this  table  of  per- 
centaffpfr.  By  a  glance  at  Chart  VII,  locating  the  limits  of  the  cotton 
beltjit  will  be  noticed  that  a  large  portion  of  the  western  and  south- 
western  parts  of  Texas  produce  no  cotton,  although  attempts  have 
been  made  to  extend  the  belt  much  beyond  its  present  terminus.  An 
explanation  of  this  failure  will  be  readily  understood  when  it  will  be 
seen  that  the  probability  of  rainy  days  throughout  the  year  is  so 
small  at  all  stations  that  this  scarcity  of  rain,  coupled  with  the  low 
range  of  temperature  given  for  these  stations,  will  discourage  all 
efforts  to  grow  cotton  in  that  section  of  the  country. 

Table  XX. — Normal  ctindition  of  the  atmosphere  during  August  and  September ^  at 

regards  the  amount  of  stinshine  and  raivfaU. 


stations. 


Number  of 

cloudless 

days. 


Aug. 


Charlotte,  N.  C 9.1 

HatteraH,  N.G 11. 2 

Kittyhawk,  N.G 8.4 

Wilmington,  N.C 8.5 

Charleston,  S.  C 9. 2 

Atlanta,  6a 8.  o 

Augusta,  Ga 8.2 

Savannah,  Ga 7.7 

Cedar  Keys,  Fla 8. 7 

JackHonvil  ip,  Fla 8. 7 

Pensacola,  Fla 10. 5 

Chattanooga,  Tenn 8.6 

Knoxville,  Tenn I  10. 3 

Nashville,  Tenn I  11. 2 

13-7 
9.4 

8.1 
8.3 

11-2 

14-5 

15-3 
8.1 

13-6 
12.4 

15' o 
14.0 
16. 1 

13-3 
13-4 
13-0 
I4«6 
8.7 


Sept. 


Memphis,  I'enn 

Auburn,  Ala 

Mobile,  Ala 

Montgomery,  Ala  .... 

VickHburg,  Miss 

Little  Kock,  Ark 

Fort  Smith,  Ark 

New  Orleans,  La 

Shreveport,  La 

Brownsville,  Tex  .... 

El  Paso,  Tex 

Fort  Davis,  Tex 

Fort  Elliott,  Tex  .... 

tial  veston,  Tex 

Indianola,  Tex 

Palestine,  Tex 

Rio  Grande  City,  Tex 
San  Antonio,  Tex 


Corsicana,  Tex |    14.  i 


0.5 
3-t> 
1-5 
0.4 
0.6 
2.6 
0.2 

8.7 
1.9 
9.1 
2.4 

1-3 


5 
4 

o 

9 

2 

7 
o 

4 

9 
0.9 

3-9 
1. 1 

6.7 
3-7 
7-1 
2.6 
T.8 
2.9 

1-5 
0.2 

2.3 


Number  of 

partly 
cloudy  Clays. 


Number  of 

cloudy 

days. 


Rain&ll 
(in  inches). 


Number  of 

days  of 

rainfall. 


VII. -THE  PICKING  SEASON  AND  ITS  WEATHER. 

The  months  of  autumn  are  spent  in  gathering  the  staple,  and  by 
the  end  of  November,  if  the  season  is  favorable,  almost  the  entire 
crop  will  be  picked.  All  that  the  cotton  planters  desire  during  this 
period  of  the  year  is  that  frost  will  be  delayed  as  late  as  the  last 
week  in  November,  and  that  after  the  middle  of  September  heavy 
rainstorms  will  not  occur,  but  that  showers,  if  they  come  at  all,  shall 
be  light  and  not  frequent.      This  condition  of  the  atmosphere  will 
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enable  the  pickers  to  gather  the  cotton  as  fast  as  it  opens,  in  all  its 
beaatiful  whiteness,  unsullied  by  dampness,  mold*,  or  dirt.  It  is  not 
often  in  the  South  that  heavy  rains  occur  in  autumn,  and  monthly 
averages  seldom  go  above  3.50  inches,  but  more  frequently  fall  below 
2.00  inches.  The  winds  are  also  generally  light  so  that  the  cotton  is 
not  greatly  damaged  by  being  driven  out  on  to  the  ground  and 
stained. 

1^  It  is  a  trite  saying:  among  the  farmers  that  all  flowers  that  open 
after  the  25th  of  September  will  fail  to  produce  mature  bolls,  unless 
the  season  is  unusually  prolonged  into  the  winter  months.  This  is 
based  on  the  idea  that  frosts  usually  come  early  in  November,  and 
together  with  cool  nights,  preceding  the  killing  frosts,  cause  the 
plant  to  lose  a  large  part  of  its  growing  vitality  and  the  young  bolls 
will  stop  developing  before  the  seed  and  fiber  are  matured. 

Table  XXI  has  been  prepared  to  show  the  time  of  occurrence 
of  frosts  in  the  cotton  belt.  The  results  are  averaged  for  the  en- 
tire region.  In  the  extreme  southern  portions  of  the  belt  the  frost 
will  come  later  than  in  the  more  northern  parts  of  the  section  under 
consideration.  For  instance,  frosts  may  be  expected  along  the  coasts 
of  Georgia  and  Alabama  any  time  after  November  15,  while  at  At- 
lanta, Starkville,  Vicksburg,  and  Palestine  killing  frost  will  come 
generally  as  soon  as  November  1.  At  Charlotte,  Chattanooga,  and 
Nashville  it  is  as  early  as  October  15. 

Table  XXI. — Dates  of  killing  frosts  in  the  cotton  belt. 


Years. 


1832. 

1833- 
1834- 
1^35- 
183^. 

1837. 
1838. 
1839. 
1840. 
1841. 
1842. 

1843- 
1844- 
1845- 
1846. 

1847. 
184S. 

1849- 
1850. 
1851. 
1852. 
1853- 
1854- 
1855- 
1856. 

1857- 
X858. 


1861. 


o 


20 
21 
20 


26 


25 
25 


12 
19 


25 

8 


7 
13 


a 

> 
o 

2; 


E 

Q 


12 


14 


14 


30 

I 

26 

17 
6 

27 


14 


24 


Years. 


1862. 
1863. 
1864. 
i86§. 
1866. 
1867. 
1868. 
1869. 
1870. 
187 1. 
1872. 

1873. 
1874. 

1875. 
1876. 

1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 


3 

o 


24 


20 


J8 
S 

o 


26 

24 
21 
18 
29 

15 

7 


26 

19 
20 
21 

13 
23 
20 


24 

i 

18 
20 
17 


M 

B 


7 
I 


12 


•  14,  21,  25. 
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CLIMATOLOGY    OF    THE   COTTON    PLANT. 


Table  XXII,  temperatures  for  the  months  of  August  and  Sep- 
tember, is  furnished  at  this  place  to  show  how  uniform  the  cli- 
mate is  during  the  flowering  and  fiber-developing  periods  of  the  cot- 
ton. The  normal  temperature  for  the  month  of  August  is  but  little 
different  from  that  given  for  June  and  July,  and  the  temperature  for 
September  is  but  a  few  degrees  lower.  Thus  we  see  we  have  four 
months  of  practically  uniform  climate,  so  far  as  heat^  is  concerned, 
and  these  results  are  all  the  more  interesting  when  taken  in  connec- 
tion with  plant  growth.  At  this  season  of  the  year,  when  buds  are 
being  formed  and  the  fruit  is  developing  with  all  its  tender  functions, 
uniform  degrees  of  heat  are  absolutely  demanded.  This  is  particu- 
larly true  in  regard  to  the  cotton  plant,  when  it  is  well  known  that 
any  sudden  changes  in  the  atmospheric  conditions  will  cause  the 
squares  to  shed,  the  leaves  to  drop  off,  and  even  young  bolls  to  die, 
and  thus  greatly  reduce  the  yield  of  the  crop. 

The  more  one  studies  this  important  question  of  the  effects  of  cli- 
matic changes  on  plant  economy  the  more  he  becomes  convinced 
that  an  All-wise  Husbandman  has  specially  prepared  this  Southern 
land  for  the  cultivation  of  the  valuable  staple  with  which  the  nations 
of  the  earth  are  clothed. 

Table  XXIM. — Normal  data  for  monthly  precipitation  during  autumn^  at  stations  in 

the  cotton-belt  region. 


stations. 


Charlotte,  N.  C 

Hatteras,  N.  C 

Kitty  hawk,  N.  C 

Wilmington,  N.  C... 

Charleston,  S.  G 

Atlanta,  (ia 

Augusta,  Ga 

Savannah,  Ga 

Cedar  Keys  Fla 

JaclcHonville,  Fla.... 

Pensacola,  Fla 

Chattanoogrt,  Tenn  . . . 

Knoxville,  Tenn 

Memphis,  Tenn 

Nashville,  Tenn 

Auburn,  Ala 

Mobile,  Ala 

Montgomery,  Ala  .... 

Vicksbiirg,  Miss 

Little  Rock,  Ark  .... 

Fort  Smith',  Ark 

New  Orleans,  La 

Shreveport,  La 

Brownsville,  Tex  .... 

El  Paso,  Tex 

Fort  Davis,  Tex 

Fort  Elliott,  Tex  .... 

Galveston,  Tex 

Indianola,  Tex 

Palestine,  Tex 

Rio  Grande  City,  Teix 
San  Antonio,  Tex  .... 
Corsicana,  Tex 


Precipitation 
for 

Precipitation 
for 

Precipitation 
for 

Autumn 

September. 

October. 

November. 
Inekes. 

precipitation. 

Jnehes. 

Inches. 

Inches. 

3-24 

3-65 

3-09 

9.98 
18.45 

6.61 

6.52 

5-32 

5- 18 

4.08 

4.16 

13-42 

6.70 

4.09 

2-55 

13-34 

6.06 

4-36 

3-19 

13- 61 

4.21 

2.88 

3-97 

11.06 

3-74 

2.65 

3- 19 

8.SS 

5-89 

3-73 

a.  18 

11.80 

5-37 

2.81 

2.67 

10. 85 

8.06 

5.62 

2.56 

16.24 

5-25 

3- 46 

4-34 

13-05 

4.24 

3- 10 

4-33 

11.67 

3- 06 

3- 08 

4.08 

10.22 

3.23 

3- 13 

4.80 

II.  16 

3-83 

2.65 

4' 05 

10.53 

3- 29 

2.48 

4-49 

10. 26 

5.06 

2.89 

4-31 

12.26 

3-1^ 

2.54 

3-53 

9.18 

3-85 

2.89 

5- 10 

11.84 

3-23 

2.48 

5.53 

11.24 

3.61 

2.84 

4.06 

10.51 

4.82 

3-37 

4.40 

»2.59 

4- 25 

3- 36 

4.84 

12.45 

7-73 

3-90 

a. II 

1374 

1.32 

I-I5 

0.55 

2.92 

2.90 

1.65 

0.56 

5-»3 

1-77 

3.64 

059 

6.00 

7.07 

4-77 

4.56 

16.40 

7.01 

3-71 

3' 06 

13-78 

3-" 

3-44 

4*53 

II. 18 

3-78 

2.32 

0.89 

6.89 

4.16 

1.82 

2.00 

7.98 

3- 09 

2.35 

3-44 

8.88 

Table  XXIII,  precipitation   at  stations   over    the    cotton  region, 
shows  remarkably  uniform  results  at  all   points,  with    the  excep- 
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1 
I 

tion  of  some  stations  located  in  the  western  part  of  Texas  and  on 
the  Atlantic  and  Gulf  coasts.  The  experience  of  the  writer,  extend- 
ing over  a  number  of  years  of  practical  observation  of  changes  of 
the  weather  and  on  the  cultivation  of  the  cotton,  has  convinced  him 
that  autumn  is  not  a  wet  period  in  the  South,  and  that  floods  during 
this  season  of  the  year  are  very  rare.  It  is  therefore  particularly  a 
suitable  time  for  the  white,  delicate  fiber  of  the  cotton  to  protrude 
beyond  the  carpels  of  the  bolls,  and  not  run  the  risk  of  becoming 
stained  by  continued  precipitation  or  a  long  period  of  cloudy  weather. 

At  the  beginning  of  October,  under  the  influence  of  cool  nights, 
with  the  general  reduction  of  temperature  during  the  day,  the  bolls 
have  about  all  matured  that  will  produce  good  grades  of  cotton.  It 
is  not  often  that  undergrown  bolls,  the  latter  part  of  October,  will 
develop  good  fiber  unless  the  season  of  mild  weather  is  unusually 
prolonged  into  December.  This  condition  of  the  climate  has  oc- 
curred several  times  within  the  past  twenty  or  twenty-five  years,  and 
the  cotton  crops  those  years  were  very  large. 

Table  XXIV,  temperatures  for  October  and  November,  shows  uni- 
form reduction  in  the  normals  of  10°  to  12^  from  those  given  in 
the  table  for  August  and   September,  but  at  no  place  throughout 
the  belt,  excepting  at  extreme  northern  points,  is  the  reduction  in 
October  so  great  as  to  endanger  the  life  of  the  plant.     This  state- 
ment is  true  where  normals  are  concerned,  but  when  we  examine  the 
records  year  after  year  we  will  find  it  necessary  to  modify  our  asser- 
tion somewhat.     At  nearly  all  stations  north  of  ■  Augusta,  Ga.,  and 
Montgomery,  Ala.,  some  years  give  several  days  in  October  that  pro- 
duce frosts.     For  instance,  at  Augusta,  Ga.,  the  thermometer  reached 
below  35°  four  Octobers  in  a  period  of  nineteen  years.     But  the  mini- 
mum temperature  during  this  time  reached  the  frost  point  only  twice, 
viz.,  in  1873  and  in  1891.     In  the  case  of  the  mean  minimum  tempera- 
ture we  find  that  fifteen  years  gave  results  above  50°.     In  the  case 
of  Charleston,  S.  C,  not  much  farther  south,  only  once  during  the 
twenty  years  of  record  did  the  temperature  go  below  40°,  and  that 
was  in  1873,  when  the  thermometer  registered  39° ;  ten  years  it  was 
45°  and   above;    the  mean  minimum  ranged  between  55°  and  66°. 
To  bring  this  case  out  more  Clearly  let  us  take  one  more  station,  viz., 
Vicksburg,  Miss.,  a  town  in  the  west  and  some  distance  inland.    Here 
the  minimum  temperature  reached  ])elow  35°,  but  above  30°,  only 
once  during  a  period  of  nineteen  years,  this  was  in  1873,  when  the 
thermometer  recorded  as  low  as  31°.     The  remaining  eighteen  years 
the  minimum  temperature  was  above  38°.     At  no  time  did  the  mean 
minimum  temperature  fall  below  50°. 

According  to  charts  very  carefully  made  from  the  records  of  100 
stations  over  the  Southern  States,  the  normal  time  of  frost  for  Octo- 
ber 15  passes  as  far  north  as  Kittyhawk,  Charlotte,  Chattanooga, 
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Nashville,  Cairo,  Dodge  City,  and  Fort  Elliott.  While  the  frost  line 
for  November  passes  through  Charleston,  Atlanta,  Starksville,  Vicks- 
burg,  and  Palestine.  We  may  safely  assert,  therefore,  that  usually 
there  will  be  good  picking  season,  as  far  as  the  temperature  is  con- 
cerned, until  November  1.  At  intervals  in  the  South  the  season 
favorable  for  gathering  the  crop  extends  far  into 'the  winter,  and  one- 
year,  in  the  recollection  of  the  writer,  the  planters  were  picking  as 
late  as  the  middle  of  December.  These  occasions,  however,  are  rare, 
and  it  is  almost  universally  the  case  that  the  heavy  frosts  in  Novem- 
ber put  a  stop  to  all  cotton  picking. 

VIIL— COMMENTS  ON  YEARS  OF  GOOD  AND  POOR  CROPS. 

As  a  conclusion  to  the  subject  of  the  climatology  of  the  cotton 
plant  I  have  prepared  Table  XXV,  showing  yield  of  cotton  in  each 
state,  with  the  climatic  conditions.  Two  years,  1878  and  1879,  are 
years  of  good  crops,  and  the  other  two  years,  1884  and  1886,  are  years 
of  small  and  poor  crops.  If  the  season  has  been  unpropitious  in  the 
quantity  of  rain  during  the  months  of  May  and  June,  and  part  of 
July,  and  a  season  of  rains,  with  a  good  per  cent,  of  sunshine,  should 
continue  through  August,  a  fine  crop  may  be  assured,  provided  Sep- 
tember and  October  are  dry.  But  if  June,  July,  and  August  are  very 
dry  and  hot,  and  September  and  October  are  wet,  the  crop  will  be 
greatly  cut  off. 

At  the  close  of  the  years  1878  and  1879  the  farmers  in  the  Soutli 
gathered  large  crops  of  cotton  in  an  average  fair  condition.  An 
analysis  of  the  table  will  satisfactorily  explain  the  reasons  for  these 
large  yields.  In  1878  the  rains  in  June  and  July  were  not  excessive, 
except  in  Alabama,  Mississippi,  and  Louisiana.  In  August  the  de- 
ficiency of  June  and  July  was  brought  up,  and  in  September  and 
October,  during  the  picking  season,  the  weather  was  generally  dry. 
The  season  for  maturing  the  fiber  and  picking  was  excellent.  The 
rains  in  Alabama,  Mississippi,  and  Louisiana  encouraged  the  multi- 
plication of  insects  and  rust  so  that  the  average  yield  per  acre  was 
materially  cut  off  in  those  States.  The  percentage  of  clear  days  was 
large  throughout  the  year,  and  although  moisture  was  amply  suf- 
ficient for  the  growing  crop,  the  sunshine  was  materially  beneficial 
in  opening  the  bolls  and  drying  out  the  fiber.  With  the  exception  of 
June  the  temperature  was  high — ^several  degrees  above  the  normal — 
thus  adding  another  important  factor  to  the  advantage  of  the  cotton. 
The  crop  was  larger  than  the  great  one  of  1877. 

The  spring  and  summer  of  1879  were  not  so  favorable  as  they  were 
in  1878,  because  of  the  general  deficiency  of  rain  in  June,  and  the 
low  temperature  in  June,  August,  and  September.  The  drought  in 
the  spring  and  nearly  half  of  the  summer  prevailed  over  the  entire 
South.      The  timely  rains  that  came  the  latter  part  of  July  and  con- 
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tinued  through  August  encouraged  a  rapid  development  in  the 
growth  of  the  plant ;  and  the  few  rainy  days  with  the  large  percent- 
age of  clear  days  in  September  and  October  caused  the  fruit  to  ripen 
rapidly,  and  the  increasing  warmth  of  October  caused  the  bolls  to 
open  and  prevented  staining  and  decaying  of  the  fiber.  The  excel- 
lent season  for  picking  extended  into  December  and  thus  greatly  in- 
creased the  yield  of  the  crop. 

There  were  great  spring  floods  throughout  the  South  in  1884,  and 
also  in  1886,  and  the  crops  were  badly  damaged  by  the  heavy  rains 
with  the  small  percentage  of  sunshine  during  the  month  of  June. 
The  temperature  was  also  generally  below  the  normal  throughout  the 
entire  summer.  The  plant  was  thus  greatly  retarded  in  its  growth 
and  a  large  loss  was  sustained  in  the  shedding  of  the  forms  and  the 
rotting  of  the  bolls.  The  autumn  in  each  year  was  more  favorable 
than  was  the  weather  in  spring  and  summer,  and  this  seasonable  con- 
dition did  much  to  make  amends  for  the  disasters  in  spring  and  sum- 
mer. The  fiber  was  gathered  in  1886  in  an  unstained  condition  and 
there  was  a  minimum  amount  of  dirt  and  trash  in  the  cotton  gathered. 
The  maturing  season  was  so  unfavorable  the  vitality  of  the  plant 
was  greatly  reduced,  and  but  for  the  excellent  soils  and  good  tillage 
in  some  portions  of  the  belt  the  cotton  crops  for  the  years  1884  and 
1886  would  have  been  much  smaller  than  reported. 

rX.— DISCUSSION   OF  TEMPERATURK    CHARTS. 

These  charts  have  l)een  prepared  for  this  work  to  bring  out  more 
clearly  the  fact  already  referred  to  several  times  in  these  pages,  viz., 
the  summer  temperature  is  very  uniform  throughout  the  cotton  belt. 

In  preparing  the  charts  the  stations  in  extreme  western  and  south- 
western Texas  have  been  omitted  because  they  are  outside  of  what 
has  been  assumed  as  the  cotton  region.  The  high  maxima  in  July, 
recorded  for  the  middle  section  of  the  belt,  are  unusual  extremes  that 
occurred  at  only  one  station  in  1881,  Montgomery,  Ala.,  and  at  one 
station  in  1887,  Kittyhawk,  N.  C,  within  periods  of  nineteen  and 
seventeen  years.  In  1881,  at  all  stations  the  maxima  were  92°,  96°, 
102°,  103°,  100°,  and  106°.  In  1887  the  maxima  were  104°,  95°,  98°, 
104°,  100°,  89°,  100°,  and  102°. 

These  charts  are  of  special  interest  in  showing  clearly  the  uniform 
temperature  for  the  three  months  of  summer.  In  June  the  mean 
temperature  ranges  between  81°  and  76°,  in  July  between  83°  and 
78.5°,  and  in  August  between  81.6°  and  78.5°. 

These  charts  also  bring  out  the  other  important  fact,  already  men- 
tioned in  this  work,  that  the  mean  maxima  and  mean  minima  are 
never  great  extremes,  and  may  be  repeated  from  year  to  year  while 
the  highest  range  of  maximum  may  occur  only  once  in  a  period  of 
ten  years.     It  is  proper,  therefore,  to  carefully  study   these  mean 
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maxima  and  mean  minima  in  connection  with  the  study  of  plant 
growth,  rather  than  lay  special  stress  on  low  and  high  extremes  that 
occur  so  seldom  in  such  long  periods  of  years.  In  the  southern  sec- 
tion of  the  cotton  belt  the  mean  maximum,  during  the  twelve  years 
under  consideration,  varied  only  4°  in  June,  4°  in  July,  and  3°  in 
August.  The  mean  minimum  for  June  varied  only  3.6° ;  for  July,  3°, 
and  for  August,  3°. 

During  the  winter  months  these  two  factors  give  much  greater 
variations,  foi*  reasons  that  are  not  necessary  to  discuss  in  this  work 
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LETTER    OF   TRANSMITTAL. 


U.  S.  Department  op  Agriculture, 

Weather  Bureau, 
Washington,  D,  C,  March  16,  1893. 

Sir  :  I  have  the  honor  to  transmit  herewith  a  report  on  the  "  Fore- 
casting of  Thunderstorms  during  the  Summer  of  1892,"  by  Mr.  N.  B. 
Conger,  Inspector,  Weather  Bureau. 

This  work  was  carried  out  under  the  auspices  of  the  State  Weather 

Service  Division  of  this  Bureau,  with  the  view  of  ascertaining  whether 

or  not  it  is  feasible  for  the  local  forecast  officials  at  the  various  State 

centers  to  forecast  for  their  respective  districts  the  occurrence  of  these 

severe  secondary  storms.    This  report  shows  the  degree  of  success 

attained.    I  recommend  that  it  be  published  as  a  Bulletin  of  this 

Bureau. 

Very  respectfully, 

Mark  W.  Harrington, 

Chief  of  Weather  Bureau. 
Hon.  J.  Sterling  Morton, 

Secretai'y  of  Agriculture. 
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LETTER    OF    SUBMITTAL. 


U.  S.  Department  op  Agriculture, 

Weather  Bureau, 
Washington^  D.  C,  February  28,  1893. 
Sir  :  I  have  the  honor  to  submit  herewith  my  report  on  the  investi- 
gation and  forecasting  of  thunderstorms  during  the  summer  of  1892, 
a  work   to  which  I  was  assigned  in  May  last,  with  station  at  Detroit, 
Mich. 

There  are  also  appended  papers  of  similar  purport  by  Messrs. 
Robert  DeC.  Ward,  Cambridge,  Mass.,  and  Charles  M.  Strong,  Colum- 
bus, Ohio,  for  their  respective  districts.  New  England  and  Ohio. 

Very  respectfully, 

N.  B.  Conger, 

Insj^ector,  Weather  Bureau, 

The  Chief  op  the  Weather  Bureau, 

Washington,  D,  C, 
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INVESTIGATION  OP  THUNDERSTORMS  DURING  THE  SUMMER  OP  1892. 


INTRODUCTORY  REMARKS. 

The  Chief  of  the  Weather  Bureau,  desiring  to  have  a  practical  study 
of  thunderstorms  made  during  the  summer  of  1892  to  ascertain  the 
feasibility  of  making  thunderstorm  forecasts  and  to  obtain  a  better 
knowledge  of  their  characteristics,  began  preparations  for  systematic 
work  in  this  direction  during  the  winter,  and  on  April  1  the  following 
circular  was  issued  and  sent  to  selected  stations  (named  in  the  last 
paragraph  of  the  circular),  from  whence  they  were  issued  to  voluntary 
observers  and  others  interested  in  this  class  of  work,  with  a  supply 
of  record  cards,  for  the  purpose  of  rendering  reports  of  storms  occur- 
ring in  their  respective  localities.  In  a  few  of  the  States  the  reports 
were  numerous  and  well  distributed,  while  in  others  there  were  very 
few  reporters  secured,  and  some  of  these  reported  for  a  short  time  only. 

The  following  is  a  copy  of  the  circular  above  referred  to : 

U.  S.  Department  of  Agriculture, 

Weather  Bureau, 
Washington,  D,  C,  April  1,  1892. 

THUNDERSTORM  OBSERVATIONS. 

The  Weather  Bureau  deHires  to  give  special  attention  to  the  observation  and  investi- 
gation of  thunderstorms  and  attending  phenomena  during  the  summer  of  1892,  and 
with  this  end  in  view  the  co-operation  of  meteorological  observers  and  others  interested 
is  earnestly  solicited.  The  object  of  this  work  is  to  gather  material  to  be  utilized  in  the 
study  of  these  storms  and  the  attending  atmospheric  conditions  with  a  view  to  predicting 
the  occurrence  of  this  class  of  storms  for  special  localities  in  time  to  make  the  forecast 
of  value  to  agricultural  interests.  The  great  advantage  of  receiving  information  as  to 
the  actual  prevalence  of  violent  thunderstorms  in  certain  quarters  of  your  State,  with 
reliable  predictions  as  to  when  such  a  storm  will  likely  reach  your  own  community, 
should  be  apparent  to  all,  and  as  there  is  no  class  of  citizens  which  would  not  be  bene- 
fited by  a  system  that  would  make  such  work  possible,  there  should  be  no  difficulty  in 
securing  the  voluntary  assistance  of  observers  in  such  numbers  as  to  supply  ample 
material  for  this  work.  Upon  such  voluntary  co-operation  on  the  part  of  observers  the 
success  of  the  plan  will  largely  depend. 

The  field  chosen  for  the  proposed  system  of  observations  for  the  approaching  season 
will  embrace  the  region  from  the  upper  Mississippi  eastward  to  the  Atlantic  coast,  in- 
cluding the  New  England  States,  and  if  the  results  anticipated  are  realized,  next  year 
the  territory  will  probably  be  extended  to  embrace  the  entire  country. 

For  the  purpose  of  recording  observations  postal  cards  have  been  prepared.  These 
will  be  forwarded  first  to  certain  designated  sub-centers,  and  later  to  the  central  office 
of  the  Weather  Bureau  at  Washington. 
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For  the  guidance  of  those  who  desire  to  kindly  assist  in  this  work  the  following  in- 
structions  are  given: 

Time. — Standard  time,  by  which  railroad  trains  are  run,  should  be  used  in  all  cases. 
See  that  your  watch  is  correct  to  within  at  least  one  minute. 

Thunder. — Record  should  be  made  whenever  a  thunderstorm  can  be  seen  or  heard^ 
Thunder  without  rainfall  should  be  noted,  and  in  such  cases  care  should  be  taken  to 
state  that  no  rain  fell. 

Movement. — The  direction  of  movement  of  the  storm  should  be  carefully  recorded; 
also  any  peculiar  features  of  the  movement,  such  as  a  dividing  of  the  clouds. 

Wind. — Direction  should  be  given  as  shown  by  a  vane  on  a  high  spire  or  building 
when  possible.    Take  care  that  the  north  mark  is  correct.     Record  directions  as  N., 
NE.,  E.,  SE.,  etc.,  or  if  special  care  is  taken,  as  N.,  NNE.,  NE.,  ENE.,  etc.      The 
force  of  the  wind  may  be  described  as  calm,  light,  moderate,  brisk,  high,  very  high. 
A  ^' very  high*'  wind  breaks  limbs  from  trees  and  may  do  ii\jury  to  some  buildings. 
The  time  and  direction  of  strong  gusts  or  squalls  are  important. 

Ttmperature. — The  thermometer  that  is  used  should  be  as  good  a  one  as  can  be  had. 
It  should  be  hung  out  of  doors  in  the  shade,  four  or  five  feet  above  the  ground,  and 
over  grass  when  possible.  It  should  be  freely  open  to  the  wind,  but  protected  from  the 
sun  and  rain ;  if  near  a  house  it  should  be  on  the  north  side,  and  not  exposed  to  glaring 
reflections  from  white  buildings  or  sandy  roads.  It  is  not  necessary  to  estimate  the 
fractions  of  a  degree.  The  change  of  temperature  accompanying  a  change  of  wind 
should  be  carefully  noted. 

Rain. — The  time  of  beginning  and  ending  of  rain  should  be  noted  as  closely  as  possi- 
ble. The  amount  may  be  estimated  as  very  light,  light,  moderate,  heavy,  very  heavy, 
or  the  depth  of  rain  may  be  measured  as  collected  in  a  rain  gauge.  If  the  observer  has 
no  rain  gauge  a  pail  or  can  with  vertical  sides  may  be  used,  when  the  amount  can  be 
measured  with  a  common  rule.  The  amount  of  rain  collected  will  often  be  leas  than 
one-tenth  of  an  inch,  and  will  seldom  be  more  than  one  inch,  unless  the  rain  be  long 
continued :  its  depth  should  be  measured  as  soon  as  convenient  after  the  rain  ceases. 
When  rain  is  seen  falling  in  the  distance  it  should  be  noted  under  ''Remarks,''  as  light 
rain  to  northwest  at  4.25  p.  m.  The  character  of  the  rain,  whether  falling  steadily  or 
in  brief  showers,  etc..  descriptive  notes  of  clouds,  and  any  other  fact  worthy  of  special 
mention  may  also  be  noted  under  this  heading. 

Miacellaneovs. — Photographic  views  of  lightning  flashes  and  thunderstorm  clouds  will 
be  of  special  interest  and  importance,  and  are  desired  whenever  it  may  be  convenient 
to  furnish  them. 

If  you  cannot  take  the  observations  above  described  will  you  be  kind  enough  to  give 
this  circular  to  some  one  in  your  neighborhood  who  may  be  willing  to  do  so  ? 

When  the  space  under  **  Remarks ''  proves  insufficient  for  the  report  additional  cards 
may  be  used,  care  being  taken  to  date  and  number  them  in  consecutive  order. 

Observations  above  referred  to  are  desired  only  from  May  1  to  August  81. 

Persons  who  may  desire  to  act  as  thunderstorm  observers  in  the  several  States  will  be 
furnished  with  postal  cards  and  instructions,  upon  application  to  the  observers  of  the 
Weather  Bureau  in  charge  of  the  central  stations  of  their  respective  States,  as  follows: 
New  England,  Observer,  Weather  Bureau,  Cambridge,  Mass.;  New  York,  Observer, 
Weather  Bureau,  Ithaca,  N.  Y.;  Pennsylvania,  Observer,  Weather  Bureau,  Philadel- 
phia, Pa. ;  New  Jersey,  Observer,  Weather  Bureau,  New  Brunswick,  N.  J. ;  Ohio,  Ob- 
server, Weather  Bureau,  Columbus,  Ohio;  Michigan,  Observer,  Weather  Bureau, 
Detroit,  Mich.;  Indiana,  Observer,  Weather  Bureau,  Indianapolis,  Ind.;  Wisconsin, 
Observer,  Weather  Bureau,  Milwaukee,  Wis.;  Illinois,  Observer,  Weather  Bureau, 
Springfield,  III.;  Missouri,  Observer,  Weather  Bureau,  Columbia,  Mo. 

MARK  W.  HARRINGTON, 

Chief  of  Weather  Bureau. 


GENERAL   DISCUSSION. 


11 


The  following  is  a  copy  of  the  card  record  used  by  the  thunder- 
etorm  reporters,  on  the  reverse  side  of  which  is  the  address  of  the 
proper  Weather  Bureau  official  to  whom  it  was  sent : 

Form  N0.X077— Met'l.  Thanderstorm  report. 

U.S.DEPARTMENT  OF  AGRICULTURE,  WEATHER  BUREAU. 

P.O., County State, 

i>at«  of  storm, ,  189. .;  Kind  of  time  used, 

I         in I A  ._i_-i 

Storm 

moved 

from 


First  heard. 
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Ended . . 
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Time 
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Force  •  . . . 
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m. 

Amount. 

mso  •  •  •  • 

to 
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Temperature .. 


Before.  During. 

After. 
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1 

NoTB.—Under  "  Remarks  "  add  such  miscellaneous  data 
as  to  loss  of  life  or  damage  due  to  lightninfr;  growth  and 
movement  of  clouds ;  whether  storm  was  moderate,  se- 
ver e,  or  violent. 

•  Wind  should  he  expressed  as  calm,  light,  fresh,  brisk, 
high,  very  high,  tornado. 


Only  two  cards  left  make  (     )  cross. 


,^ObuTveT, 


GENERAL  DISCUSSION. 

The  investigation  of  thunderstorms  during  the  months  of  June, 
July,  and  August  was  conducted  in  the  following  States :  Missouri, 
Wisconsin,  Illinois,  Indiana,  Michigan,  Ohio,  Pennsylvania,  New 
York,  New  Jersey,  and  the  New  England  States,  and  the  comments 
made  in  this  discussion  are  confined  to  this  territory.  Forecasts  of 
thunderstorms  were  made  by  Weather  Bureau  officials  at  St.  Louis, 
Mo.,  Chicago,  111.,  Milwaukee,  W^is.,  Indianapolis,  Ind.,  Columbus, 
Ohio,  Detroit,  Mich.,  Pittsburg,  Pa.,  Albany,  Buffalo,  and  New  York, 
N.  Y.,  Philadelphia,  Pa.,  and  New  Brunswick,  N.  J.  These  stations 
had  at  least  three  sub-stations  to  the  west  of  them  which  reported  by 
telegraph  the  occurrence  of  thunderstorms  between  the  hours  of  8 
a.  m.  and  6  p.  m.,  except  in  a  few  cases  where  telegrams  were  sent  at 
any  time  during  the  twenty-four  hours,  it  being  the  intention  to  test 
the  feasibility  of  making  forecasts  of  thunderstorms  on  information 
received  from  the  west. 

The  charts  accompanying  this  report  show  the  weather  conditions 
over  the  United  States  east  of  the  Rocky  Mountain  slope  at  8  a.  m. 
(Eastern  standard  time),  and  the  thunderstorms  which  occurred 
during  the  day  in  the  different  sections  of  the  above-mentioned  terri- 
tory. 

These  thunderstorms  are  represented  on  the  charts  in  their  move- 
ments and  location  by  small  arrows,  flying  in  the  direction  in  which 
the  storm  moved ;  the  arrows  with  one  feather  represent  the  storms 
occurring  between  midnight  and  noon ;  arrows  with  two  feathers  rep- 
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resent  the  storms  occurring  between  noon  and  midnight.  It  will  be 
noticed  that  a  large  majority  of  these  storms  occurred  during  the 
afternoon  or  evening. 

In  this  investigation  it  is  only  intended  to  bring  out  the  salient 
points  of  the  practical  results  of  the  season's  work,  and  not  to  touch 
upon  any  theoretical  point  in  the  development  of  thunderstorms,  and 
with  this  statement  plainly  outlined  it  will  only  be  necessary  to  follow 
the  attending  thunderstorm  conditions  to  prove:  (.1)  that  thunder- 
storms travel  in  well-defin'ed  areas  from  the  Mississippi,  (2)  that 
sporadic  thunderstorms  exist  which  occur  during  heated  terms  and 
cover  but  limited  territory,  (3)  that  there  is  a  relation  to  areas  which 
pass  to  the  eastward,  (4)  that  there  occur  thunderstorms  in  districts 
which  have  been  covered  by  previous  storms  on  the  same  date,  (5) 
that  thunderstorms  die  out  during  the  night  and  revive  again  the 
next  day  farther  east,  (6)  and  the  feasibility  of  thunderstorm  fore- 
casting. In  considering  these  different  subjects  several  of  the  best 
authenticated  types  have  been  charted  to  convey  a  better  under- 
standing of  their  peculiarities. 

The  data  have  been  compiled  from  a  large  number  of  card  reports 
from  correspondents  in  the  territory  named  and  have  been  condensed 
from  separate  State  charts  to  one  general  chart  for  the  entire  district, 
together  w^ith  the  pressure  and  temperature  lines  at  8  a.  m.  of  the 
same  date. 

The  first  subject  to  be  considered  is  the  movement  of  the  thunder- 
storm areas  from  the  west  to  east;  there  are  several  well-defined 
types  of  thunderstorm  progressing  steadily  eastward,  which  will  be 
noticed  in  order :  On  June  6,  a  thunderstorm  belt  was  noticed  in 
Wisconsin  from  12.45  to  8  p.  m.,  and  while  not  reported  in  regular 
cadence  in  Illinois,  was  reported  in  Indiana  at  1  a.  m.  of  the  7th,  and 
on  the  same  date  in  Michigan  from  2  to  5  a.  m.,  and  in  Ohio  from  2 
a.  m.  to  2  p.  m.  In  this  area  the  regular  progression  was  well  defined. 
This  area  appeared  to  die  out  in  Ohio.     (See  Chart  I.) 

On  June  8  thunderstorm  conditions  were  present  in  southern  Mich- 
igan, northern  Indiana,  and  Ohio;  the  general  movment  of  the 
thunderstorms  w^as  to  the  northeast,  while  the  belt  appeared  to  spread 
to  the  southeast.  The  development  of  the  belt  began  about  7  a.  m. 
in  northern  Indiana  and  southern  Michigan  and  moved  in  regular 
cadence  through  Ohio,  reaching  the  southeast  border  at  about  6  p.  m. ; 
the  northeast  portion  of  the  storm  moved  into  New  York  at  4.50  p.  m. 
and  died  out  by  7.45  p.  m.,  before  reaching  central  New  York.  Spo- 
radic storms  occurred  later  in  the  afternoon  in  Indiana.  A  secondary 
belt  developed  in  Wisconsin  from  6.45  a.  m.  to  11.15  a.  m.;  this  belt  ■ 
was  reported  in  southern  Michigan  at  noon  and  progressed  regularly 
across  the  State,  reaching  the  eastern  border  at  5  p.  m.^  where  the 
record  for  the  night  lapses,  but  it  appeared  again  at  11a.  m.  of  the 
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9th  in  western  New  York  and  moved  steadily  east,  reaching  the  east- 
ern border  of  the  State  at  4  p.  m.,  and  was  reported  in  New  England 
from  4.66  to  9  p.  m.,  but  its  force  decreased  with  its  eastward  move- 
ment. This  thunderstorm  belt  will  be  again  referred  to  in  connection 
with  thunderstorms  occurring  in  a  territory  where  a  previous  thunder- 
storm has  occurred  the  same  day,  also  in  connection  with  thunder- 
storms dying  during  the  night  and  reviving  again  the  next  day  farther 
east. 

The  next  well-defined  type  of  thunderstorms,  moving  in  regular 
progression  from  the  west  to  the  east,  occurred  on  June  16,  when 
thunderstorm  conditions  developed  about  2  p.  m.  in  Wisconsin  and, 
traveling  east,  left  the  State  about  5  p.  m. ;  it  was  reported  on  the 
west  shore  of  Michigan  at  7  p.  m.,  and  extending  south  into  northern 
Indiana,  passed  eastward,  leaving  Michigan  at  11  p.  m.  The  south- 
west portion  of  the  storm  area  was  reported  in  northeastern  Ohio  at 
5.30  a.  m.  of  the  17th  and  the  area  proper  was  noticed  in  western  New 
York  and  Pennsylvania  at  2.30  a.  m.  of  the  17th,  advancing  steadily 
eastward,  passed  into  Vermont  at  10.30  a.  m.,  and  into  Massachusetts 
and  Connecticut  a  little  after  noon,  and  passed  out  of  southeastern 
Massachusetts  about  9  p.  m.  This  is  a  well-developed  type  of  the 
thunderstorms  moving  in  regular  progression  from  the  Mississippi 
River  to  the  Atlantic  coast,  and  is  authentically  traced  throughout 
the  entire  path.  The  thunderstorm  belts  of  July  16  and  16  are  also 
well-defined  types  of  these  thunderstorms.     (See  Charts  II-V.) 

The  charts  accompanying  this  report  indicate  the  position  of  the 
pressure  and  temperature  lines  on  these  dates,  so  that  it  will  not  be 
necessary  to  trace  the  low  areas  with  the  movement  of  the  thunder- 
storm belts.  The  fact  that  the  weather  conditions  as  shown  on  the 
chart  at  8  a.  m.  are  advancing  eastward  during  the  day  should  not  be 
lost  sight  of,  and  that  the  storms  occur  during  the  afterrioon — the 
change  of  base  must  be  taken  into  consideration. 

HEAT  THUNDERSTORMS 

This  class  of  storms,  which  occur  over  a  large  territory  w^ithout  a 
definite  path  of  progression  and  develop  in  the  afternoon,  is  well 
illustrated  in  the  series  of  storms  which  were  reported  from  the  Mis- 
sissippi River  to  the  Atlantic  coast  on  July  26,  during  the  height  of 
the  hot  wave  which  prevailed  at  that  period.  In  Wisconsin,  Ohio, 
southern  New  York,  and  northern  New  England  these  storms  occurred 
in  the  forenoon,  while  in  Illinois,  Indiana,  Michigan,  Pennsylvania, 
New  York,  and  southern  New  England  the  thunderstorms  occurred 
during  the  afternoon,  and  there  appeared  to  be  no  connection  between 
the  storms  of  the  East  and  those  of  the  West.  (See  Chart  VI.)  The 
thunderstorm  conditions  of  July  27  are  indicative  of  the  same  class 
of  storms  and  appear  to  have  no  progressive  movement. 
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It  is  found  that  two  distinct  thunderstorm  belts  may  traverse  the 
same  territory  and  that  the  second  storm  does  not  appear  to  hold  ita 
force  to  the  same  extent  after  it  reaches  the  territory  which  has  been 
covered  by  a  previous  storm  on  the  same  date.  This  is  well  defined 
in  the  thunderstorm  belt  of  June  6. 

It  is  noticed  that  thunderstorm  belts,  moving  eastward  during  the 
day,  appear  to  lose  their  identity  during  the  night  and  revive  again 
farther  east  the  next  day.  This  action  is  especially  noticeable  in  the 
thunderstorm  belts  of  June  8,  when  the  trail  disappeared  at  6  p.  m. 
in  Michigan  and  was  found  at  11a.  m.  the  next  day  in  New  York, 
but  with  reduced  force  or  activity,  and  advanced  east.  Prof.  H.  A. 
Hazen,  in  his  report  on  thunderstorms  in  1886,  notices  the  same  action 
in  these  storms,  and  remarks  on  their  peculiarity. 

Thunderstorm  conditions  are  usually  found  on  the  southeast  quad- 
rant of  a  low  area,  and  generally  in  the  belt  of  pressure  of  30.0  inches. 
(See  Chart  IV.)  This  is  the  class  of  storms  which  generally  have 
the  progressive  movement  to  the  east,  and  have  approximately  the 
same  velocity  as  the  low  area.  Thunderstorms  also  occur  on  the 
southwest  quadrant  of  the  low  area,  but  these  are  more  liable  to  occur 
in  the  afternoon  and  be  sporadic  in  character.  When  two  low  areas 
are  in  progress  the  crest  of  the  high  between  them  is  found  to  be  a 
favored  locality  for  the  development  of  thunderstorm  conditions. 
Prof,  von  Bezold,  of  the  University  of  Berlin,  in  his  memoir  on 
thunderstorms  in  1883,  observes  this  and  makes  special  note  of  it. 
Thunderstorms  are  sometimes  developed  on  the  northwest  quadrant  of 
a  low  area,  but  this  was  only  noticed  when  the  temperature  changes 
were  sharp  and  sudden  in  that  section.  Storms  of  this  class  are  rare, 
of  short  duration,  violent  in  action,  and  cover  but  a  narrow  path. 
Thunderstorm  belts  are  occasionally  developed  in  high  areas  when 
the  weather  conditions  are  of  an  unsettled  nature,  and  a  long  trough 
of  nearly  normal  pressure  extends  over  a  large  territory  to  the  north 
of  the  center  of  the  high. 

While  there  are  no  infallible  rules  to  be  laid  down  for  forcasting 
thunderstorms  from  the  daily  weather  charts,  yet  there  are  certain 
conditions,  indicating  the  development  of  a  thunderstorm  belt,  which 
generally  follows  during  the  succeeding  twenty-four  hours.  A  notice- 
able feature  of  the  a.  m.  weather  charts  for  this  season  was  the  rela- 
tion of  the  thunderstorm  belt  to  the  pressure  line  of  30.0  inches  and 
the  thermal  line  of  70°.  It  is  found  that  during  the  season  nearly 
90  per  cent  of  the  thunderstorms  occurred  in  the  belt  covered  by  the 
isobar  of  30.0  and  at  or  near  the  isotherm  of  70°.  The  presence  of  a 
low  area  to  the  west,  moving  in  behind  a  high  area,  should  be  watched 
with  great  care  as  the  thunderstorm  conditions  are  very  liable  to  de- 
velop during  the  afternoon  or  evening ;  the  sharp  curvature  of  the 
isobar,  especially  where  it  touches  or  crosses  similar  sharp  curves  of 
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temperature,  has  been  found  to  be  of  value  in  forecasting.  As  before 
noted,  thunderstorm  conditions  are  generally  found  on  the  edges  of 
low  areas  and  are  not  reported  in  the  centers,  especially  when  the 
pressure  decreases  to  29.6  inches  or  below.  When  the  thunderstorms 
occur  on  the  southwest  quadrant  of  a  low  area  they  are  more  liable 
to  be  sporadic  in  character,  travel  but  a  short  distance,  and  soon  die 
out;  they  represent  a  distinct  type  of  thunderstorms  and  should  not 
be  classed  with  the  thunderstorms  which  occur  in  the  southeast 
quadrant  of  a  low  area. 

In  heated  terms  thunderstorms  may  be  looked  for  along  the  line  of 
change  in  pressure  (30.0  inches)  and  where  the  temperature  during 
the  afternoon  will  continue  high.  These  storm  are  more  liable  to  occur 
the  day  after  the  maximum  heat  has  passed.  It  is  noticed  during 
these  periods  that  thunderstorm  conditions  are  prevalent  during  the 
entire  afternoon,  and  in  many  instances  develop  dry  thunderstorms. 

Where  known  thunderstorm  belts  exist  to  the  west  it  is  possible  to 
forecast  them  for  the  territory  farther  east  in  the  same  manner  as 
rain  is  now  forecasted.  The  study  of  thunderstorms  during  this  season 
has  not  established  the  fact  that  thunderstorms  can  be  successfully 
forecasted  for  any  specific  locality,  although  with  the  aid  of  tele- 
phonic communication  it  has  proved  more  feasible.  The  experiment 
of  making  forecasts  on  telegraphic  warnings  from  stations  to  the  west, 
flome  two  hundred  miles,  has  not  proved  of  value  as  it  appears  that 
the  belt  may  move  rapidly  in  and  cover  the  district  with  storms  before 
the  warnings  can  be  issued  to  the  public.  With  the  warning  coming 
from  stations  farther  west,  so  that  time  may  be  had  to  issue  the 
warnings  to  the  public,  it  is  considered  that  the  method  will  meet 
with  more  success  than  during  the  season  just  passed. 

In  Michigan,  where  the  telephone  system  was  called  into  requisition, 
it  was  found  ta  be  of  value  in  warning  the  public  of  approaching 
thunderstorms  as  the  information  was  conveyed  with  great  prompt- 
ness over  the  telephone  wires,  and  thus  considerable  time  was  saved. 
The  State  was  divided  into  nine  districts  and  each  district  had  from 
three  to  six  stations  reporting  to  the  section  center,  which  reported 
direct  to  the  central  office  at  Detroit  where  the  forecast  was  issued  to 
the  section  where  it  was  anticipated  that  the  storm  would  occur  dur- 
ing the  day.  If  the  storm  was  light  the  next  station  toward  which 
the  storm  was  moving  was  notified,  and  if  it  reached  this  section  and 
appeared  to  be  spreading  the  next  contiguous  section  would  then  be 
notified.  If  the  storm  appeared  to  have  considerable  force  the  notice 
was  sent  into  several  sections  at  the  same  time.  In  many  cases  the 
warnings  were  issued  from  twelve  to  twenty-four  hours  in  advance  of 
the  storm  and  must  have  been  of  considerable  value  to  the  general 
public  as  was  evidenced  by  newspaper  notices  of  the  success  of  these 
forecasts.    The  telephone  system  was  considered  of  no  little  value  in 
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this  line,  and  this  success  was  due  in  a  great  measure  to  the  prompt 
action  of  the  Michigan  Bell  Telephone  Company  in  handling  these 
reports,  a  work  which  was  admirably  accomplished. 

The  forecasting  of  thunderstorms  from  the  daily  weather  maps  for 
the  season  was  fairly  successful.  Of  the  forecasts  issued  from  Colum- 
bus, Ohio,  the  percentages  of  verification  were :  For  June  90  per  cent, 
July,  86,  August,  60,  the  falling  off  in  August  being  due  to  the  small 
number  of  storms  which  occurred  during  that  month.  In  Michigan, 
where  the  telephone  system  was  used,  the  following  percentages  are 
given :  June,  86  per  cent,  July,  85,  August,  78.  It  must  be  considered 
in  this  that  an  effort  was  made  to  forecast  all  thunderstorms,  whether 
light  or  heavy,  and  not  to  forecast  the  severe  storms  only.  In  Mr. 
Robert  DeC.  Ward's  paper,  which  accompanies  this  report,  will  be 
found  a  comparison  of  the  Washington  and  Boston  forecasts  for  New 
England,  which  indicates  that  the  preliminary  work  in  this  line  has 
been  fairly  successful. 

With  the  particular  types  noted,  in  detail  on  the  a.  m.  weather 
charts,  it  is  considered  that  with  the  history  of  the  movement  of 
these  thunderstorm  belts  chronologically  from  June  1  to  August 
31,  1892,  a  sufficient  knowledge  has  been  gained  to  encourage  the 
further  proseciition  of  this  very  interesting  study  during  the  coming 
season  over  a  more  extended  territory.  To  make  this  of  value  to 
the  agriculturist  in  bringing  out  the  facts  on  which  forecasting 
may  be  better  prosecuted,  there  should  be  a  larger  number  of 
reporters  in  the  several  States  where  this  investigation  is  to  be  pushed 
so  that  it  will  be  possible  to  have  a  report  of  every  thunderstorm  that 
occurs  in  a  State,  as  it  was  found  that  in  several  of  the  States  the 
absence  of  these  reports  made  it  exceedingly  difficult  to  accurately 
trace  the  thunderstorm  belt  from  one  State  to  another.  Believing 
that  genei'ous  assistance  will  be  readily  given  when  it  is  understood 
that  this  subject  is  being  investigated  for  practical  results,  and  to 
increase  the  value  of  forecasts  in  this  line,  there  should  be  at  least 
one  reporter  in  every  two  or  three  townships  in  the  State,  as  the 
erratic  progress  of  the  thunderstorm  could  then  be  accurately  traced 
over  the  entire  district. 

The  experience  of  the  past  seaspn  leads  to  the  belief  that  the  fore- 
casting of  thunderstorms  is  practicable,  and  with  the  assistance  of 
those  interested  in  this  class  of  information  it  is  believed  that  im- 
portant results  will  proceed  from  the  investigation  of  these  storms 
during  the  summer  of  1893: 
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BRIEF  DESCRIPTION  OP  THE  MORE  IMPORTANT  ATMOSPHERIC  CON- 
DITIONS WHICH  PREVAILED  DURING  THE  PERIOD  OF  THUNDER- 
STORM INVESTIGATION. 

June,  1892. 

let. — A  low  area  was  central  over  Missouri,  moving  northeast,  with 
a  second  low  central  north  of  Lake  Huron.  Thunderstorms  occurred 
in  Indiana,  Ohio,  Michigan,  New  York,  and  Pennsylvania.  Those  in 
Indiana  and  Pennsylvania  were  scattered  and  local  in  character. 
The  general  movement  of  these  storms  was  to  the  northeast,  the 
majority  of  them  occurring  in  the  afternoon. 

2d. — ^A  low  area  moved  into  the  St.  Lawrence  Valley,  with  the  ter- 
ritory covered  by  thunderstorms  lying  on  the  south  side  from  New 
England  west  to  Ohio,  with  a  few  scattered  storms  in  Michigan.  In 
this  case  the  storms  lay  grouped  along  the  isothermal  line  of  70°. 
A  high  area  lay  on  the  Atlantic  coast,  moving  slowly  northeastward. 

3d. — A  few  scattered  storms  in  Pennsylvania,  Ohio,  and  Indiana 
in  the  afternoon.  A  long  trough  of  low  pressure  extended  from 
Pennsylvania  southwest  to  the  Gulf.  A  high  area  was  central  over 
Lake  Superior,  with  a  low  area  developing  in  Montana. 

4th. — The  low  area  remains  nearly  stationary,  with  a  pressure  of 
30.10  inches  over  the  Lake  region  and  the  Ohio  Valley;  the  tem- 
perature ranging  from  60°  to  70°.  Thunderstorms  occurred  in  the 
central  Ohio  Valley  during  the  afternoon,  mostly  confined  to  the 
Lake  Erie  watershed. 

5th. — The  low  area  moved  slowly  northeast,  with  a  high  area  cen- 
tral over  western  Michigan,  and  one  of  30.20  inches  on  the  south 
Atlantic  coast.  The  thunderstorm  belt  moved  during  the  night  east 
into  New  York  and  Pennsylvania.  A  local  thunderstorm  occurred 
in  southern  Michigan  during  the  afternoon.  The  general  movement 
of  these  storms  was  to  tlie  northeast,  but  some  few  moved  to  the 
southeast  and  one  in  Ohio  is  noted  as  moving  towards  the  north. 
The  a.  m.  weather  chart  indicates  that  the  force  of  the  thunderstorm 
belt  is  rapidly  decreasing, 

6th. — The  development  of  the  low  area  in  the  St.  Lawrence  Valley 
produced  a  belt  of  thunderstorms  in  the  New  England  States,  but  the 
conditions  were  feeble  and  but  few  storms  occurred.  The  low  area 
advancing  from  the  west  reached  the  Dakotas,  and  a  belt  of  thunder- 
storms was  reported  in  Wisconsin  and  Illinois.  The  majority  of  these 
storms  occurred  in  Wisconsin  on  the  southeast  quadrant  of  the  low 
area  central  over  the  Dakotas. 

7th. — The  low  area  moved  over  Iowa  with  a  very  little  change  in 
temperature  lines.  The  belt  of  thunderstorms  moved  east  into  Ohio 
and  Michigan,  where  they  occurred  during  the  early  morning,  while 
in  Illinois,  Indiana,  and  western  Michigan  they  occurred  during  the 
afternoon. 
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8th. — During  the  night,  the  low  area  which  was  central  over  the 
upper  Mississippi  Valley  filled  up,  and  a  pressure  of  29.9  inches 
extended  from  the  Dakotas  to  the  Gulf  of  Mexico,  with  a  high  area  of 
30.2  inches  on  the  south  Atlantic  coast.  Thunderstorms  were  fre- 
quent during  the  afternoon  in  Ohio  and  eastern  Michigan,  and  local 
storms  in  western  New  York  and  Pennsylvania,  and  in  Illinois, 
Indiana,  and  western  Michigan.  The  chart  indicates  a  hot  after- 
noon, and  the  storms  appear  to  be  moving  from  all  directions,  a 
characteristic  of  heat  thunderstorms. 

9th. — With  the  formation  of  a  low  in  the  Lake  region  over  Mich- 
igan and  general  unsettled  weather  conditions,  it  was  found  that  the 
thunderstorm  belt  had  advanced  east  and  was  found  extending  west 
from  New  England  to  Indiana.  In  the  States  of  Ohio,  Michigan, 
Indiana,  and  Illinois  the  storms  were  scattered  and  of  local  char- 
acter. 

10th. — Feeble  thunderstorm  conditions  existed  in  New  York  and 
Wisconsin.  A  low  area  w^as  moving  off  the  coast,  pressure  29.9 
inches,  and  a  low  of  some  energy,  pressure  29.5  inches,  was  central 
over  Colorado.    Temperature  slightly  below  the  normal. 

11th. — No  storms  reported. 

12th. — Conditions  very  feeble,  and  only  two  storms  reported  in  New 
York  and  one  in  Wisconsin. 

13th. — With  a  low  area  central  near  Marquette  and  a  secondary 
low  over  Kansas,  thunderstorms  were  reported  in  Wisconsin,  Mich- 
igan, Indiana,  and  Illinois  during  the  afternoon,  with  a  few  local 
storms  occurring  in  the  forenoon  in  Wisconsin.  The  general  direc- 
tion of  these  storms  was  from  the  southwest  to  the  northeast,  although 
a  few  moved  from  the  northwest  to  the  southeast  in  Wisconsin.  There 
was  a  high  area  lying  on  the  south  Atlantic  coast  and  a  very  uneven 
distribution  of  temperature  in  the  Eastern  States,  and  on  the  west  of 
the  low  area  the  temperature  gradients  were  very  sharp.  The  move- 
ment of  the  low  area  was  eastward  into  the  St.  Lawrence  Valley. 

14th. — The  belt  of  thunderstorms  moved  east  with  the  low  area  and 
was  found  in  New  York,  Pennsylvania,  New  Jersey,  and  the  New 
England  States.  The  low  area  at  8  a.  m.  was  central  near  Rockliffe, 
Ontario.  In  southern  Ohio,  along  the  river  westward  to  the  Missis- 
sippi, there  occurred  thunderstorms  from  early  morning  in  Illinois 
to  late  in  the  afternoon  in  Ohio.  These  storms  all  occurred  near  the 
change  line  of  30.0  inches  and  in  the  isothermal  belt  of  70°. 

15th. — The  low  area  passed  off  and  disappeared  during  the  night 
of  the  14th.  A  high  area  in  the  Mississippi  Valley,  moving  east, 
was  replaced  by  a  low  area  moving  in  from  Montana.  Scattered 
storms  were  reported  from  New  York,  Ohio,  Indiana,  and  Wisconsin ; 
conditions  very  feeble  and  not  sufficiently  developed  to  make  note  of. 

16th. — A  slight  depression  was  central  just  east  of  Sault  Ste.  Marie, 
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extending  southwest  to  Chicago,  with  a  secondary  low  forming  over 
Kansas.  Temperature  in  the  Mississippi  Valley  and  lower  Missouri 
Valley  80°  and  above.  Thunderstorms  occurred  during  the  afternoon 
in  southern  Wisconsin,  northern  Illinois,  and  generally  throughout 
Michigan.  A  few  scattered  storms  occurred  during  the  forenoon  in 
Ohio,  and  general  thunderstorms  occurred  in  New  York  and  Penn- 
sylvania on  the  southeast  quadrant  of  the  low  area  central  east  of 
Sault  Ste.  Marie,  while  a  high  area  covered  the  Atlantic  coast,  mov- 
ing eastward. 

17th. — The  low  area  moved  over  the  Missouri  Valley  apd  then  took 
a  northeasterly  trend  toward  the  Lake  region.  The  high  area  is 
slowly  moving  off  the  coast.  The  isothermal  line  of  70°  extended  in 
an  undulating  curve  from  New  England  through  New  York,  Ohio, 
Michigan,  Indiana,  Illinois,  and  thence  southwest  into  Texas. 
Thunderstorms  occurred  in  these  States  from  the  forenoon  until  late 
in  the  afternoon,  but  there  seems  to  be  no  regular  progression,  and 
the  separate  storms  moved  but  a  short  distance  before  they  were 
exhausted.  These  storms  were  evidently  caused  by  the  heat  wave 
that  was  passing  at  that  time. 

18th. — The  low  area  remains  stationary  in  the  lower  Missouri  Val- 
ley, and  east  of  this  the  pressure  was  about  normal  with  a  rain  area 
extending  from  Kansas  to  New  England.  The  pressure  on  the  At- 
lantic coast  being  30.2  inches.  Thunderstorms  were  very  frequent 
during  the  afternoon  in  Illinois,  Indiana,  southern  Michigan,  Ohio, 
western  New  York,  and  southern  New  England.  A  few  scattered 
storms  are  noticed  in  Pennsylvania.  The  heaviest  storms  are  reported 
in  Ohio,  southern  Michigan,  and  northern  Indiana  and  Illinois.  The 
majority  of  these  storms  occurred  in  the  afternoon,  with  a  few  scat- 
tered storms  in  the  forenoon. 

19th. — A  few  scattered  storms  occurred  in  New  England  and  west- 
ward to  Illinois.  Two  storms  are  reported  on  the  upper  Mississippi 
River  at  La  Crosse  and  Red  Wing ;  conditions  feeble  and  the  move- 
ment not  well  marked.  Thunderstorms  moved  from  the  west  to  east. 
The  low  area  passed  northeast  over  the  Lake  region. 

20th. — A  low  area  of  some  magnitude  developed  during  the  night 
and  was  central  at  8  a.  m.  over  the  St.  Lawrence  Valley,  central  pres- 
sure 29.6  inches ;  this  area  extended  southwest  into  the  lower  Mis- 
sissippi Valley  and  west  to  the  Rocky  Mountain  slope,  where  a 
secondary  low  was  forming.  The  thunderstorms  were  only  reported 
in  isolated  places  from  New  Jersey  west  to  Illinois,  and  occurred  in 
most  cases  about  2  p.  m.  There  seemed  to  be  no  definite  movement 
to  these  storms ;  they  occurred  at  scattered  points  and  died  out  before 
covering  any  extended  territory. 

2l8t. — The  low  area  moved  in  from  the  northwest,  and  was  central 
at  8  a.  m.  over  Lake  Superior.    The  isobar  of  30.0  inches  was  south 
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of  Ohio  and  east  of  the  Mississippi  River.  Thunderstorms  were 
frequent  in  southern  New  England,  western  New  York,  Ohio, 
Michigan,  and  Indiana,  with  scattered  storms  during  the  forenoon  in 
Illinois.  The  temperature  was  not  high  in  the  south,  nor  were  the 
gradients  to  the  west  steep.  The  storms  moved  from  all  directions, 
and  appeared  to  occur  simultaneously  in  all  sections  during  the 
afternoon,  except  in  western  Indiana  where  they  occurred  in  the 
forenoon. 

22d. — A  low  was  central  over  Colorado  with  a  northeast  movement, 
and  a  second  low  over  the  St.  Lawrence  Valley.  The  isothermal  line  of 
70°  extends  from  Boston  west  to  Colorado,  with  thunderstorms  along 
this  line  from  New  England  to  the  Mississippi  River ;  the  general 
movement  of  these  storms  was  from  west  to  east,  except  in  Ohio, 
where  the  storms  have  no  general  direction.  The  storms  which  oc- 
curred during  the  afternoon  of  the  21st  in  Ohio  and  western  New 
York  have  advanced  east,  and  occur  during  the  forenoon  in  eastern 
New  York  and  New  England,  and  some  portions  of  Pennsylvania.. 

23d. — The  low  remains  stationary  in  the  St.  Lawrence  Valley  with 
a  second  low  area  moving  in  from  New  Mexico.  The  thunderstorm 
belt  has  moved  into  New  England,  and  thunderstorms  occur  during 
the  morning  from  eastern  New  York  to  eastern  Massachusetts,  and 
during  the  afternoon  over  entire  New  England,  and  occur  sporadically 
west  to  Illinois  during  the  day. 

24th. — The  low  was  slowly  moving  out  of  the  St.  Lawrence  Valley, 
and  the  air  pressure  is  returning  to  the  normal  conditions  throughout 
the  district.  The  last  of  the  thunderstorms  of  the  23d  are  reported 
to-day  in  the  northern  portion  of  New  England,  while  in  portions  of 
Pennsylvania,  Ohio,  Indiana,  and  Illinois  a  few  scattered  storms  are 
reported,  but  the  conditions  are  too  feeble  to  show  any  decided  move- 
ment. 

25th. — During  the  night  of  the  24-25th  the  low  area  extended 
south  over  the  New  England  States,  and  light  local  storms  are  re- 
ported in  Vermont,  New  Hampshire,  and  eastern  Massachusetts,  and 
a  few  isolated  storms  in  eastern  Pennsylvania.  The  thunderstorms 
in  New  England  occurred  during  the  afternoon  and  had  no  regular 
progression. 

26th. — Sporadic  heat  storms  occurred  in  northern  New  England, 
and  in  Michigan,  Illinois,  Indiana,  and  Wisconsin.  Those  in  New 
England  occurred  on  the  southwest  quadrant  of  the  low  area  moving 
out,  while  those  in  the  West  occurred  on  the  southeast  quadrant  of 
the  low  area  moving  in  during  the  day  from  the  extreme  southwest. 
These  storms  occurred  late  in  the  afternoon  and  during  the  evening. 
Heat  entered  to  some  extent  into  the  formation  of  these,  and  the 
movement  was  not  especially  marked. 

27th. — The  low  area  moved  in  during  the  early  morning,  and  was 
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central  over  Michigan  at  8  a.  m.,  with  the  east  border  over  the  New 
England  States,  and  exhibited  considerable  energy,  central  pressure 
29.5  inches.  Thunderstorms  occurred  on  the  southeast  quadrant  of 
this  low  area  from  New  England  to  Ohio,  and  had  a  general  easterly 
movement,  beginning  early  in  the  forenoon  and  extending  late  into 
the  afternoon.  In  the  Ohio  Valley  and  New  Jersey  the  storms  oc- 
curred in  the  forenoon,  while  along  the  lakes  they  occurred  from  1 
p.  m.  to  3  p.  m.,  and  those  in  New  England  occurred  somewhat  later 
in  the  afternoon.  The  rainfall  throughout  this  district  was  heavy, 
and  the  stx)rm8  severe. 

28th. — The  low  area  moved  over  the  St.  Lawrence  Valley,  increasing 
in  intensity,  with  a  slight  fall  in  temperature.  These  conditions 
would  appear  favorable  for  the  formation  of  thunderstorms,  but  very 
few  of  them  are  reported,  six  in  New  England ;  and  during  the  after- 
noon in  Indiana,  Illinois,  Michigan,  and  Wisconsin  a  few  scattered 
storms  are  reported.  The  movements  of  these  storms  were  erratic 
and  most  of  them  occurred  late  in  the  afternoon  or  in  the  even- 
ing. A  low  area  was  forming  in  the  Northwest,  with  an  easterly 
movement  during  the  evening. 

29th. — The  low  area  was  central  at  8  a.  m.  over  Lake  Superior, 
with  a  secondary  low  over  Kansas,  neither  showing  much  energy.  On 
the  s^^utheast  quadrant  of  the  low  area  central  over  Lake  Superior,  in 
New  York  and  the  New  England  States,  thunderstorms  occurred 
during  the  afternoon,  and  although  not  traced  directly  across,  are 
evidently  the  same  belt  of  thunderstorms  that  was  noted  in  the  Ohio 
Valley  on  the  28th,  and  developed  again  in  the  afternoon  in  New 
York  and  New  England.  The  storms  in  New  York  had  a  general 
easterlv  movement,  while  those  in  Vermont  moved  from  all  direc- 
tions.  Late  in  the  afternoon  and  in  the  evening  thunderstorms 
occurred  in  southern  Indiana  and  Illinois;  storms  feeble  and  the 
rainfall  light.  The  temperature  remains  nearly  stationary  in  all  the 
districts. 

30th. — This  gives  a  fine  type  of  thunderstorms  progressing  uni- 
formly east  with  a  low  area.  The  low  area  moved  east  and  was  cen- 
tral at  8  a.  m.  over  the  St.  Lawrence  Valley,  there  having  been  a 
combination  of  the  two  lows  during  the  night  of  the  29th,  the  area 
spreading  to  the  southeast.  Thunderstorms  occurred  during  the 
early  morning  along  the  Ohio  River,  reached  Pennsylvania  about 
noon,  spread  over  Pensylvania,  New  Jersey,  and  New  England  during 
the  afternoon,  and  increasing  in  force  with  the  increasing  heat  of  the 
afternoon.  It  is  remarkable  how  closely  the  storms  in  this  case  fol- 
lowed the  isothermal  line  of  70°  which  did  not  cross  the  isobars  but 
lay  more  parallel  to  these  lines.  The  rainfall  in  these  districts  was 
quite  heavy  at  a  majority  of  the  stations. 
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July,  1892. 

1st. — The  low  area  having  passed  off  the  coast  and  a  high  area 
central  over  the  Ohio  Valley,  with  a  slight  fall  in  temperature,  the 
conditions  were  not  favorable  for  the  formation  of  thunderstorms, 
and  only  a  few  are  reported,  and  these  are  local  in  character. 
Thunderstorms  are  reported  in  Pennsylvania  at  9  p.  m.,  and  at 
Ithaca,  N.  Y.,  in  the  forenoon  and  again  in  the  afternoon;  there  are 
also  noted  four  thunderstorms  in  northwestern  Missouri,  which  are 
probably  due  to  thermal  conditions. 

2d. — At  8  a.  m.  a  low  area  was  central  over  South  Dakota,  spread- 
ing southeast,  with  the  temperature  on  the  increase.  The  rain  belt 
at  this  hour  had  extended  southeast  into  Indiana  and  east  into  Wis- 
consin. Thunderstorms  began  during  the  forenoon  in  Missouri  and 
extended  during  the  afternoon  as  far  east  as  southern  Michigan  and 
along  the  Ohio  River  to  Parkersburg,  W.  Va.  It  will  be  noted  that 
a  majority  of  these  storms  occurred  from  3  p.  m.  to  6  p.  m.,  and  at 
Detroit,  Mich.,  began  at  11  p.  m.  and  extended  into  the  morning  of 
the  3d.  The  rainfall  was  unevenly  distributed,  and  at  some  stations 
was  very  heavy  (this  is  especially  noted  in  Illinois),  and  to  the  east 
the  rainfall  was  lighter.  It  would  appear  that  the  thunderstorm 
belt  was  general  over  the  States  of  Indiana,  Illinois,  Michigan,  and 
western  Ohio  at  about  3  p.  m.,  just  after  the  maximum  heat  of  the 
day  occurred,  and  the  movement  east  of  the  storm-center  was  about 
equal  to  the  eastward  movement  of  the  thunderstorm  belt.  The 
general  trend  of  these  thunderstorms  was  from  the  southwest  to  the 
northeast ;  the  low  area  moved  southeast  and  was  central  over  Illinois 
in  the  evening,  moving  slightly  to  the  northeast. 

3d. — The  low  area  passed  northeastward  and  was  central  at  8  a.  m. 
over  western  New  York,  and  extended  to  the  Atlantic  coast.  The 
belt  of  thunderstorms  moved  east  with  the  low  area  and  the  storms 
were  continuous  from  early  morning  in  Indiana  to  late  in  the  after- 
noon in  New  England.  The  storms  in  New  England  developed  about 
3  p.  m.  This  is  probably  one  of  the  best  type  of  thunderstorm  belts 
moving  steadily  eastw^ard  in  progression  from  the  west  to  the  east, 
the  storm  belt  spreading  out  as  it  extended  eastward,  the  low  area 
maintaining  its  intensity  with  slight  changes  of  temperature.  The 
thunderstorm  belt  in  this  case  appears  to  hold  its  identity  through- 
out the  night  and  during  the  day. 

9th. — No  thunderstorms  were  reported  from  the  3d  to  the  9th,  and 
on  the  latter  date  with  a  high  area  dominating  the  Atlantic  slope 
and  the  temperature  nearly  normal,  there  was  a  small  rain  area  in 
New  York  and  New  England  which  developed  into  thunderstorms 
about  3  p.  m.  in  southeastern  New  York  and  New  England  only. 
The  movement  of  these  storms  was  reported  from  all  directions. 

No  thunderstorms  were  reported  from  the  9th  until  the  12th. 
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12th. — At  8  a.  m.  a  low  area  moving  in  from  the  west  was  central 
near  Duluth,  Minn.,  and  thunderstorms  began  about  2  a.  m.  along 
the  upper  Mississippi  Valley  and  extended  across  Wisconsin  and 
northern  Illinois  into  Michigan  late  in  the  afternoon.  A  few  isolated 
storms  were  reported  during  the  afternoon  in  New  York  and  New 
England.  The  belt  of  thunderstorms  was  forming  during  the  after- 
noon in  Illinois,  Indiana,  Ohio,  and  New  York  as  the  low  area  was 
passing  east,  and  the  conditions  were  exceedingly  favorable  for  a 
large  extension  of  the  belt  during  the  night. 

13th. — ^The  low  area  moved  east  and  was  central  at  8  a.  m.  over 
the  St.  Lawrence  Valley,  with  a  central  pressure  of  29.8  inches. 
The  thunderstorm  conditions  began  to  develop  about  2  a.  m.  in  Mis- 
souri and  extended  rapidly  eastward,  reaching  Pennsylvania,  New 
York,  and  New  England  late  in  the  afternoon  and  evening.  The 
general  trend  of  the  thunderstorms  was  from  the  southwest  to  the 
northeast.  In  this  case  it  would  appear  practical  to  have  telegraphed 
the  warnings  of  these  thunderstorms  from  Wisconsin  or  Illinois  to 
New  York  and  New  England  and  have  accomplished  some  very 
effective  work,  as  the  movement  of  the  belt  of  thunderstorms  was 
sufficiently  regular  to  have  the  warnings  issued  in  time  to  be  of 
value. 

14th. — The  western  edge  of  the  low  area  passed  off  the  Atlantic 
coast  and  the  thunderstorm  belt  passed  off  during  the  afternoon.  In 
Missouri,  Iowa,  and  western  Wisconsin  local  thunderstorms  were 
reported  during  the  day.  A  low  area  was  central  over  Montana, 
moving  southeast.  The  thunderstorm  conditions  were  feeble  in  all 
the  districts. 

15th. — The  low  area  was  central  at  8  a.  m.  over  Lake  Superior, 
with  a  central  pressure  of  29.7  inches.  The  belt  of  thunderstorms 
began  at  2.25  a.  m.  at  Kansas  City,  Mo.,  and  extended  east  during 
the  day,  reaching  Indiana  and  Ohio  from  12  noon  to  3  p.  m.,  and  was 
reported  in  New  York  and  New  England  from  9  p.  m.  until  after 
midnight.  The  rainfall  was  not  heavy  and  the  force  of  the  storm 
light.  The  storms  did  not  cover  any  extended  territory  in  any  of 
the  States,  except  New  York.  The  thunderstorms  in  southeastern 
New  York  about  midnight  moved  into  New  England  and  were  dissi- 
pated after  traveling  a  short  distance. 

16th. — The  low  area  moved  down  the  St.  Lawrence  Valley,  and  the 
belt  of  thunderstorms  which  was  noted  to  the  west  on  the  15th  is 
noted  in  New  England  only  during  the  afternoon,  and  was  passing 
out  to  sea. 

No  storms  were  reported  on  the  17th. 

18th. — Local  thunderstorms  were  reported  from  5  a.  m.  to  7  a.  m. 
in  northwestern  Missouri  and  northwestern  Wisconsin.  Storms  light 
and  did  not  cover  any  extended  territory. 
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19th. — ^With  nearly  normal  conditions  throughout  the  entire  dis- 
trict, and  a  low  forming  in  the  extreme  northwest,  thunderstorms 
were  reported  at  Red  Wing,  Minn.,  in  the  morning,  and  in  the  after- 
noon in  Michigan  and  Missouri.  The  movement  of  these  storms 
was  reported  from  the  northwest,  except  in  Missouri,  where  the 
movement  was  erratic.  The  storms  were  local  in  character  and 
showed  no  particular  force. 

20th — Thunderstorms  began  to  develop  at  Des  Moines,  Iowa,  at 
8.45  a.  m.  and  extended  southeast,  reaching  the  Mississippi  River  at 
11.30  a.  m.,  Springfield,  111.,  at  2.30  p.  m.,  and  Indianapolis,  Ind.,  at 
3.53  p.  m.,  and  moved  into  the  southwest  portion  of  Ohio  during  the 
afternoon.  A  local  storm  occurred  at  Columbus,  Ohio,  at  2.25  p.  m., 
one  and  one-half  hours  before  the  storm  reached  Indianapolis.  The 
trend  of  this  belt  of  thunderstorms  was  from  the  northwest,  and  the 
path  is  well  marked  and  the  rate  of  progression  defined.  The  low 
area  was  central  in  Montana,  and  stationary.  The  pressure  throughout 
the  district  traveled  by  the  thunderstorms  was  30.1  inches,  and  the 
temperature  in  the  seventies  at  the  8  a.  m.  observation.  The  rainfall 
at  the  beginning  of  the  thunderstorm  was  very  heavy  and  decreased 
in  amount Jts  the  storm  progressed  eastward. 

21st. — Local  thunderstorms  were  reported  along  the  Mississippi 
River  from  Davenport,  Iowa,  to  St.  Louis,  Mo.,  and  local  storms  in 
Ohio  and  northern  Michigan.  A  low  area  was  central  over  Lake  Su- 
perior and  a  secondary  low  over  Nebraska.  The  pressure  over  the 
States  where  these  thunderstorms  occurred  was  about  30.0  inches, 
and  the  temperature  in  the  seventies.  The  thunderstorm  conditions 
were  feeble  and  the  rainfall  light. 

22d. — The  low  area  moved  eastward  and  was  central  over  the  St. 
Lawrence  Valley  at  8  a.  m.  with  thunderstorms  located  in  Penn- 
sylvania, New  York,  and  New  England  during  the  afternoon  and  late 
in  the  evening.  Local  thunderstorms  were  reported  in  Michigan, 
Illinois,  and  Iowa.  The  storm  in  New  York  and  some  portions  of 
New  England  was  severe,  and  heavy  rain  and  vivid  lightning  char- 
acterized the  storm  in  southeastern  New  York.  The  storms  occurring 
in  the  East  were  on  the  southeast  quadrant  of  the  low,  while  those 
in  the  West  were  on  the  southwest,  and  the  latter  were  local  in  char- 
acter. 

23d. — Local  thunderstorms  were  reported  from  the  Atlantic  coast 
west  to  Wisconsin,  but  were  verv  few  and  were  heat  storms. 

24th. — Thunderstorms  were  reported  in  western  New  York  and 
Pennsylvania,  in  Ohio,  Michigan,  and  Wisconsin,  and  were  heat 
storms,  as  the  conditions  from  the  intense  heat  were  very  favorable 
for  the  formation  of  these  storms.  This  was  during  the  height  of  the 
hot  wave,  and  thunderstorm  conditions  were  present  on  each  of  the 
days  of  this  heated  term  to  a  more  or  less  extent.    A  remarkable  cir- 
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cumstance  is  reported  in  Ohio  during  the  afternoon — the  thunder- 
storms began  on  the  east  border  of  the  State,  and  spread  west  from  4 
p.  m.  to  8  p.  m.,  the  progression  being  well  defined.  The  storm  in 
Michigan  began  in  the  extreme  southwest  portion  and  moved  east, 
with  heavy  rain  and  destructive  lightning.  A  low  area  was  moving 
in  from  the  west  and  was  central  at  St.  Vincent  at  8  a.  m. 

25th. — The  low  area  was  central  at  8  a.  m.  over  Lake  Superior,  with 
the  pressure  below  the  normal  throughout  the  Lake  region.  The 
heat  wave  still  remains  nearly  stationary  in  the  entire  district,  the 
thermal  line  of  80°  covering  a  larger  portion  of  the  territory.  These 
conditions  make  it  very  favorable  for  the  formation  of  local  thunder- 
storms on  the  southeast  quadrant  of  the  low  area,  and  thunderstorms 
are  reported  from  Indiana  and  southeastern  Michigan  east  to  the 
Atlantic  coast.  The  thunderstorms  occurred  in  the  forenoon  in  New 
York  and  New  England,  and  local  storms  in  the  afternoon  in  southern 
New  England,  Michigan,  Ohio,  and  Indiana. 

26th — The  heat  wave  has  advanced  to  the  east,  and  heat  thunder- 
storms are  reported  from  all  sections,  with  no  definite  movement,  the 
individual  storms  traveling  but  a  short  distance  when  they  appear  to 
die  out.  These  storms  occurred  during  the  forenoon  and  afternoon, 
moved  in  all  directions,  were  plainly  indicated  on  the  a.  m.  weather 
-chart,  and  were  to  be  anticipated  from  the  intense  heat  which  pre- 
vailed at  this  period.  None  of  these  storms  had  a'progressive  motion, 
but  disappeared  soon  after  their  formation. 

27th. — ^The  low  area  moved  south  over  Kansas,  with  a  central  pres- 
sure of  29.8  inches.  The  heat  wave  has  moved  slowly  eastward,  with 
local  thunderstorms  from  New  York  west  to  Wisconsin.  These 
storms  were  accompanied  by  heavy  electrical  discharges  and  heavy 
rainfall ;  there  was  no  progressive  motion  noted  in  them. 

28th. — The  low  area  has  moved  over  the  St.  Lawrence  Valley  during 
the  day.  Thunderstorms  were  reported  late  in  the  afternoon  and  in 
the  evening  in  New  England,  New  York,  Michigan,  Indiana,  Illinois, 
Missouri,  and  Wisconsin.  The  storms  in  New  England  covered  the 
whole  district  and  have  a  distinct  easterly  trend,  being  on  the  south- 
east quadrant  of  the  low  area,  while  those  of  the  West,  on  the  south- 
west quadrant  of  the  low  area,  were  scattered  and  local  in  character, 
and  had  no  general  movement. 

29th. — ^The  low  area  was  central  over  the  St.  Lawrence  Valley,  and 
the  hot  wave  extended  from  the  Lake  region  to  the  south  Atlantic  coast, 
with  thunderstorm  conditions  reported  from  all  districts,  the  storms 
being  more  severe  along  the  Ohio  Valley  and  northeast  into  New  Eng- 
land. These  storms  occurred  from  2  p.  m.  to  11  p.  m.,  and  were  quite 
severe,  accompanied  by  heavy  rainfall  in  most  cases.  The  storms 
occurred  almost  simultaneously  throughout  the  district,  and  had  no 
regular  progressive  motion. 
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30th. — Local  storms  were  reported  from  along  the  Ohio  River  and 
in  Pennsylvania  and  New  Jersey,  with  one  storm  reported  from  New 
York.  The  low  area  has  moved  off  the  coast  and  a  high  area  is  cen- 
tral over  Wisconsin  and  Michigan,  with  falling  temperature. 

31st. — A  few  local  storms  are  reported  in  Wisconsin,  Missouri,  and 
New  Jersey.  The  conditions  were  very  feeble,  and  the  storms  did  not 
travel  over  an  extended  territory.  A  low  area  was  central  over  Lake 
Superior,  with  a  slow  eastward  movement. 

August,  1892. 

1st. — A  pressure  of  30.0  inches  covered  most  of  the  district  this 
morning,  and  the  temperature  was  nearly  normal.  A  rain  belt 
covered  the  majority  of  the  territory  and  thunderstorms  were  de- 
veloped in  Illinois  early  in  the  morning  along  the  Mississippi  River ; 
the  storm  was  reported  at  Chicago  at  12.57  p.  m.,  and  in  Michigan 
from  1  p.  m.  to  5  p.  m.  in  the  State,  and  at  8.16  p.  m.  at  Detroit, 
where  the  eastward  movement  appeared  to  have  ceased.  The  second 
line  of  storms  moved  along  the  Ohio  River;  was  at  Springfield,  111., 
9.49  a.  m.,  Indianapolis,  Ind.,  at  5.21  p.  m.,  and  passed  southeast  into 
southern  Ohio.  A  local  storm  occurred  at  Columbus,  Ohio,  at  12.13 
p.  m.  The  rainfall  at  the  latter  place  was  very  heavy.  The  pro- 
gression of  this  belt  ceased  in  southern  Ohio. 

2d. — Local  thunderstorms  were  reported  at  Baltimore,  Md.,  and  in 
southern  New  Jersey  during  the  afternoon. 

3d. — W'ith  a  pressure  of  30.0  inches  and  a  temperature  of  70°  cov- 
ering the  district,  with  a  rain  belt  confined  to  the  lower  Lake  region 
and  New  England,  thunderstorms  were  reported  in  northwestern 
Indiana  and  southwestern  Michigan  at  5  p.  m.  and  moved  east, 
reaching  Detroit,  Mich.,  at  8.10  p.  m.,  where  the  progress  east 
appears  to  have  ceased  for  the  night.  Local  thunderstorms  were 
reported  in  Ohio.  A  low  area  began  forming  late  in  the  afternoon 
and  appeared  to  be  concentrating  over  the  St.  Lawrence  Valley. 

4th. — The  low  area  w^as  central  at  8  a.  m.  over  the  St.  Lawrence 
Valley,  and  the  thunderstorm  belt  which  formed  in  northern  Indiana, 
Ohio,  and  southern  Michigan  on  the  3d  was  found  in  New  York  and 
New  England,  with  local  thunderstorms  in  eastern  Pennsylvania. 
This  belt  appeared  about  3  p.  m.,  and  covered  the  above-named  States^ 
and  there  appears  a  general  easterly  movement  inclining  slightly 
towards  the  northeast. 

5th. — Although  a  low  area  was  central  over  Lake  Superior  at  8  a. 
m.,  it  is  considered  that  the  thunderstorms  that  occurred  in  Wis- 
consin from  5  a.  m.  to  7  a.  m.,  in  Illinois  from  3  p.  m.  to  10  p.  m., 
and  along  the  Atlantic  coast  from  noon  until  5  p.  m.  were  heat 
thunderstorms  and  not  due  to  the  location  of  the  low  area.  The 
temperature  was  on  the  increase  and  the  pressure   nearly  normal 
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throughout  the  district,  and  local  causes  evidently  entered  to  a  large 
degree  into  the  formation  of  the  thunderstorm  conditions.  This 
appears  to  be  justified  by  the  fact  that  a  belt  of  thunderstorms  is 
formed  on  the  following  day  in  New  York,  and  the  predominating 
cause  was  indicated  by  the  heat  of  the  afternoon.  The  low  area  con- 
tributed to  the  formation  of  the  conditions,  but  the  initial  force 
appears  to  proceed  from  the  increasing  temperature. 

6th. — A  small  belt  of  thunderstorms  appears  late  in  the  afternoon 
in  northern  New^  York  and  New  England,  and  are  probably  a  por- 
tion of  the  same  belt  which  was  reported  in  the  West  on  the  5th, 
Four  local  storms  are  reported  in  Missouri,  but  the  conditions  were 
very  feeble,  and  soon  disappeared. 

7th. — ^A  local  thunderstorm  was  reported  at  St.  Louis,  Mo.,  at  2.25 
a.  m.  and  lasted  until  2.50  a.  m.,  with  heavy  rainfall ;  this  storm  was 
again  reported  in  eastern  Illinois  late  in  the  afternoon,  indicating 
that  thunderstorm  conditions  were  present,  but  not  strong  enough  to 
develop  a  general  storm. 

8th. — Thunderstorms  were  reported  during  the  morning  in  Iowa, 
Wisconsin,  Michigan,  and  Ohio.  Those  in  Wisconsin  illustrate  a  clear 
type  of  regular  progression  of  heavy  thunderstorms  with  uniform 
velocity  over  an  extended  track.  This  belt  was  first  reported  in  St. 
Croix  County,  on  the  west  border  of  Wisconsin,  at  1.40  a.  m.,  and 
traveled  eastward  at  the  rate  of  47  miles  per  hour,  and  reached 
Manitowoc  County,  on  the  eastern  border  of  the  State,  a  distance  of 
236  miles,  at  7  a.  m.  It  was  nine  times  observed  in  regular  succes; 
sion  across  the  State,  and  each  moment  of  arrival  was  in  regular 
cadence  to  establish  the  eastward  movement  of  47  miles  per  hour. 
This  storm  was  reported  in  central  Michigan  at  1.45  p.  m.,  and 
reached  the  eastern  border  late  in  the  afternoon,  with  greatly  dimin- 
ished force,  simply  indicating  that  the  thunderstorm  conditions  were 
present  but  feeble. 

9th. — With  a  low  area  extending  from  the  St.  Lawrence  Valley  to 
Lake  Superior,  thunderstorms  were  reported  in  the  morning  and 
afternoon  in  New  York,  New  England,  New  Jersey,  Ohio,  Michigan, 
Indiana,  Illinois,  Missouri,  and  Wisconsin.  A  clear  type  of  the  pro- 
gressive thunderstorm  is  exhibited  in  a  series  of  thunderstorms  which 
occurred  during  the  afternoon  in  Michigan.  The  thunderstorms 
began  about  3  p.  m.  in  the  extreme  southwestern  portion  and  moved 
northeast  across  the  State  and  passed  out  at  6  p.  m.  The  storms  in 
Wisconsin  and  contiguous  States  occurred  later  than  did  those  in  the 
Eastern  States.  The  storms  in  New  York  and  New  England  were 
attended  by  heavy  rain  and  vivid  lightning. 

10th. — A  low  area,  central  pressure  29.8  inches,  covered  northern 
Michigan  at  8  a.  m.,  with  a  hot  wave  on  the  southeast  quadrant, 
extending  along  the  south  Atlantic  coast.     Thunderstorm  conditions 
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began  to  develop  about  1  p.  m.  in  Missouri  and  Illinois ;  at  2.30  p.  m. 
in  northern  Indiana  and  southern  Michigan,  and  from  2  p.  m.  to  10 
p.  m.  in  Pennsylvania,  New  York,  New  Jersey,  and  New  England. 
These  latter  storms  were  evidently  heat  storms,  as  they  occurred 
throughout  the  district  simultaneously  and  moved  from  all  points  of 
the  compass.  A  series  of  thunderstorms  began  in  southwestern 
Michigan  about  1  p.  m.,  and  moved  regularly  northeast,  reaching 
Port  Huron,  Mich.,  at  4  p.  m.,  and  was  regularly  observed  at  seven 
stations  in  the  path  during  its  progress. 

11th. — The  low  area  moved  east  over  the  St.  Lawrence  Valley,  with 
the  hot  wave  lying  stationary  on  the  Atlantic  coast.  Scattered 
thunderstorms  were  reported  during  the  forenoon  in  Missouri,  Illi- 
nois, and  Ohio.  In  Pennsylvania,  New  Jersey,  New  York,  and  New 
England  heavy  thunderstorms  were  reported  from  1  p.  m.  to  10  p.  m. 
The  main  feature  of  these  storms  was  the  presence  of  the  hot  wave 
over  this  district,  which  assisted  materially  in  the  formation  of  the 
thunderstorm  conditions.  As  is  characteristic  of  heat  thunder- 
storms there  was  no  regular  eastward  movement,  each  storm  appear- 
ing to  take  an  individual  path  and  die  out  after  traveling  a  short 
distance. 

12th. — Local  thunderstorms  occurred  in  Massachusetts,  Connec- 
ticut, and  Rhode  Island  ^  during  the  afternoon,  and  there  does  not 
appear  any  progressive  motion. 

No  storms  of  note  are  reported  from  the  12th  until  the  18th. 
.  18th. — A  low  area  was  central  at  8  a.  m.  over  Lake  Superior,  moving 
east.  A  thunderstorm  belt  was  developed  at  St.  Louis,  Mo.,  at  2.20 
p.  m.,  Avas  reported  twice  in  Illinois,  and  reached  Chicago,  111.,  at 
10.08  p.  m.  Several  light  thunderstorms  were  reported  in  western 
Michigan  from  8  p.  m.  to  10  p.  m.,  indicating  the  presence  of  the 
thunderstorm  belt  moving  east. 

19th. — The  low  area  moved  over  the  St.  Lawrence  Valley  and 
moved  out  during  the  day ;  a  high  was  central  over  Minnesota,  with 
a  pressure  throughout  the  district  of  30.05  inches,  and  the  tempera- 
ture about  70°.  Thunderstorms  occurred  from  6.10  a.  m.  to  11.50  a. 
m.  in  Michigan  and  Ohio,  and  in  the  afternoon  in  Pennsylvania, 
New  York,  and  New  England.  A  local  storm  occurred  in  the  after- 
noon in  Indiana.  These  storms  had  a  general  easterly  movement, 
except  in  New  England,  where  they  appeared  to  come  from  the 
northwest  and  move  southeast.  These  latter  storms  appear  to  be 
largely  affected  by  local  causes. 

20th. — Thunderstorm  conditions  were  reported  in  New  England, 
Iowa,  and  Missouri.  They  were  local  in  character  and  the  conditions 
feeble. 

21st. — Thunderstorm  conditions  were  reported  east  of  Cincinnati, 
Ohio,  along  the  river,  and  in  eastern  Pennsylvania  and  New  Jersey 
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in  the  afternoon  from  1  p.  m.  to  2.30  p.  m.  These  storms  were 
entirely  local  in  character. 

23d. — Local  thunderstorm  conditions  were  present  during  the 
afternoon  in  western  Missouri.  Rainfall  light  and  the  thunderstorm 
conditions  feeble. 

24th. — ^During  the  night  of  the  23d-24th  a  low  area  moved  over 
Missouri  and  was  central  near  St.  Louis,  Mo.,  at  8  a.  m.,  and  extended 
northeast.  Thunderstorm  conditions  were  reported  at  Red  Wing, 
Minn.,  at  11.45  a.  m.,  but  were  not  reported  to  the  east  in  Wisconsin ; 
at  St.  Louis,  Mo.,  at  11.05  a.  m.,  Springfield  at  5.23  p.  m.,  Cairo,  111., 
at  3.22  p.  m.,  Cincinnati,  Ohio,  at  10.50  p.  m.,  Columbus,  Ohio,  at  6.41 
p.  m.,  Sandusky,  Ohio,  at  8.25  p.  m.,  and  in  Michigan  from  noon  un- 
til midnight  in  different  portions  of  the  State.  Three  local  storms 
were  reported  in  New  York. 

25th. — The  thunderstorm  belt  of  the  24th  moved  east  and  was 
found  on  this  date  during  the  afternoon  and  evening  in  New  York, 
Pennsylvania, -New  Jersey,  and  New  England,  with  heavy  rain  in  the 
different  localities,  and  the  thunderstorms  severe.  The  general 
movement  of  these  storms  was  from  the  west  to  east,  although  in  the 
mountains  of  Pennsylvania  their  movement  was  diversified. 

This  is  the  last  general  thunderstorm  condition  that  was  reported 
during  the  season,  which  closed  August  31, 1892.  A  few  local  storms 
occurred  but  were  not  of  sufficient  importance  to  warrant  charting. 
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INVESTIGATION    OF   THUNDERSTORMS    IN    NEW    ENGLAND,   BY  MR. 

ROBERT  DeC.  WARD,  CAMBRIDGE,  MASS. 

The  object  of  this  investigation  being  "to  gather  material  to  be 
utilized  in  the  study  of  these  storms  and  the  attending  atmospheric 
conditions,  with  a  view  to  predicting  the  occurrence  of  this  class  of 
storms  for  special  localities  in  time  to  make  the  forecast  of  value  to 
agricultural  interests,"  particular  attention  has  been  paid  to  the  veri- 
fications of  the  Washington  and  Boston  forecasts  during  the  summer 
of  1892  as  far  as  the  prediction  of  thunderstorms  is  concerned.  In 
obtaining  the  percentages  of  verification  the  forecasts  have  been  con- 
sidered fully  or  partly  verified  when  rain,  showers,  local  showers,  showers 
accompanied  by  thunder,  thunder  showers,  or  thunderstorms,  were  pre- 
dicted for  the  region,  or  for  some  part  of  the  region,  where  thunder 
showers  fell,  and  for  the  time  in  which  they  fell. 

The  thunderstorms  have  been  divided  into  two  classes,  (1)  those 
which  showed  distinct  progression  when  charted,  and  (2)  those  which 
did  not  move  but  appeared  only  as  scattering  reports.  In  obtaining 
the  verifications  of  the  forecasts  only  those  storms  have  been  consid- 
ered which  moved,  as  this  is  the  only  class  which  is  likely  to  do  dam- 
age, and  is  also  the  only  class  of  which  warning  that  the  storm  is  on 
its  way  may  be  given  by  telegraph  or  by  telephone,  and  whose  condi- 
tions of  occurrence  therefore  need  special  attention.  The  thunder- 
storms that  do  not  show  movement  are  usually  very  limited  in  extent, 
and  are  generally  little  more  than  thunder  associated  with  light 
showers.  These  classes  may  be  further  subdivided  according  to  the 
conditions  under  which  the  storms  occur,  and  in  this  subdivision  the 
writer  recommends,  with  one  change,  the  classification*  given  by 
Prof.  W.  M.  Davis,  who  says: 

There  appear  to  be  four  classes  of  summer  thunderstorms,  apart  from  those  non- 
descripts whose  features  are  lost  in  the  far-reaching  clouds  of  a  general  storm.  The  first 
class  are  those  of  local  origin  on  quiet,  hot,  anticyclonic  days,  their  action  suggesting  that 
they  are  merely  overgrown  convectional  movements.  *  *  *  These  are  less  common 
than  the  others.  A  second  class  includes  those  which  spring  up  in  the  warm  southerly 
winds  southeast  of  a  cyclonic  center,  and  whose  convectional  overturning  is  therefore 
due  in  part  to  imported  heat.  *  *  *  Such  storms  are  also  relatively  rare.  The 
third  class  includes  the  largest  of  our  summer  thunderstorms.  These  seem  to  be 
formed  where  the  warm  southerly  winds  are  most  nearly  contrasted  with  the  cooler 
westerlies  that  follow  them.  The  storm  forms  along  the  line  between  the  two  and 
advances  obliquely,  broadside  across  country.  *  *  *  The  fourth  class  of  thunder- 
storms contains  those  which  arise  in  the  westerly  winds,  southwest  of  a  cyclonic  center, 
and  whose  convectional  overturning  is  due  as  much  to  the  importation  of  cool  air  aloft 
as  to  its  warming  on  the  ground  below. 

*  Annals  of  the  Astronomical  Observatory  of  Harvard  College,  Vol.  XXI,  Part  II, 
pp.  131-182. 
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The  change  recommended  by  the  present  writer  is  the  addition  of 
a  fifth  class,  to  include  "  those  nondescripts  whose  features  are  lost  in 
the  far-reaching  clouds  of  a  general  storm."  The  characteristics  of 
thunderstorms  which  occur  under  such  conditions,  in  a  general  rain, 
are  sufficiently  distinct  to  warrant  their  being  put  in  a  definite  class 
by  themselves.  The  storm  of  May  3-4  may  be  taken  as  a  good  exam- 
ple of  this  proposed  fifth  class.  These  storms  are  seldom  severe  or 
destructive ;  they  are  not  distinguished  by  marked  changes  in  wind 
direction,  although  the  squall-wind  is  generally  noted  at  a  few  sta- 
tions ;  hail  seldom  falls ;  the  temperature  is  usually  nearly  stationary, 
and  the  rain  is  apt  to  continue  after  the  thunderstorm  itself  has 
passed  on,  the  thunder  and  lightning  generally  being  accompanied 
bv  a  somewhat  heavier  rainfall  than  is  noted  before  or  after  the 
thunderstorm  proper. 

May. — During  May  thunderstorms  were  reported  on  the  2d,  3d,  4th, 
9th,  11th,  12th,  16th,  17th,  26th,  27th,  and  30th,  but  on  three  days 
only  did  the  storms  have  distinct  progression,  viz.,  on  the  3d-4th,  26th, 
and  27th.  These  latter,  which  all  occurred  in  general  rains,  were 
predicted  in  the  Washington  and  Boston  forecasts  both  at  8  p.  m.  of 
the  days  previous  and  at  8  a.  m.  of  the  days  of  occurrence.  They 
occurred  southeast  of  the  cyclonic  centers  on  those  days. 

June. — In  order  to  summarize  the  thunderstorms  and  forecasts 
in  June  as  briefly  as  possible.  Table  I  has  been  prepared.  The 
first  column  gives  the  day  of  the  month ;  in  the  second  is  a  state- 
ment whether  or  not  any  observers  reported,  and  if  they  did  so  the 
number  of  reports  received  is  given ;  the  third  column  states  whether 
or  not  the  thunderstorms  had  progression ;  the  fourth  gives  the  time, 
and  the  fifth  the  place  of  occurrence ;  in  the  sixth  the  intensity  of  the 
storms  is  noted  (moderate,  severe,  violent) ;  in  the  seventh  column 
are  the  Washington,  and  the  eighth  the  Boston  forecasts,  so  much  of 
them  as  relates  to  precipitation. 

It  appears  from  Table  I  that  thunderstorms  were  reported  on 
every  day  except  the  4th,  5th,  7th,  8th,  10th,  and  11th,  that  is,  on 
twenty-four  days.  On  thirteen  days  the  storms  had  distinct  move- 
ment ;  on  the  remaining  eleven  days  there  were  generally  very  few 
reports  and  no  progression  could  be  made  out,  the  records  being 
scattered  and  not  agreeing  as  to  times  of  rain  beginning  and  loudest 
thunder.  As  regards  the  verification  of  the  forecasts  the  following 
results  were  obtained.  The  Boston  forecasts  not  including  Connecti- 
cut, the  forecasts  made  for  June  18,  on  which  day  a  thunderstorm 
occurred  in  that  State  only,  have  not  been  considered.  Taking  the 
twelve  remaining  days  on  which  progressive  thunderstorms  occurred, 
it  is  seen  that  the  Washington  8  p.  m.  forecasts  of  the  evenings  pre- 
vious were  verified  fully  or  partly  in  six,  and  were  wrong  in  six  cases, 
and  the  corresponding  Boston  forecasts  were  verified  in  nine  and  were 
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wrong  in  three  cases.  Of  the  8  a.  m.  forecasts  on  the  thunderstorm 
days,  the  Washington  forecasts  were  right  in  eight  and  failed  in  four 
cases ;  the  Boston  forecasts  were  verified  in  ten  and  were  wrong  in 
two  cases.  On  the  2d  the  Washington  8  a.  m.  forecast  has  been  con- 
sidered wrong,  as  it  predicted  local  rains  in  the  evening,  which  means 
after  8  p.  m.,  and  on  the  16th  the  Boston  8  a.  m.  forecast  has  been 
considered  right,  because  it  predicted  showers  on  Friday  the  17th^ 
which  began  as  a  forecast  day  at  8  p.  m.  of  the  16th. 

It  appears,  therefore,  that  warning  was  given  of  the  thunderstorms 
of  June  (either  as  thunderstorms  or  as  showers)  in  the  local  forecasts 
issued  at  8  p.  m.  of  the  days  previous  or  at  8  a.  m.  of  the  same  day, 
in  ten  cases,  leaving  two  cases  where  no  warning  of  any  kind  was 
given.  In  four  cases  thunder  showers  were  predicted  at  8  p.  m.  of  the 
days  previous,  and  in  three  more  cases  they  were  predicted  at  8  a.  m. 
of  the  days  on  which  the  thunderstorms  occurred,  and  on  three  other 
days  showers  were  predicted.  There  seems  to  have  been  no  attempt 
made  at  Washington  to  predict  thunderstorms  as  such,  as  in  only  one 
case  was  a  thunderstorm  successfully  predicted,  but  as  several  of  the 
display  stations  in  New  England  receive  the  Washington  forecasts  it 
has  been  thought  best  to  obtain  the  verifications  of  the  Washington 
in  the  same  way  as  in  the  case  of  the  local  forecasts.  Every  forecast 
of  thunderstorms,  thunder  showers,  or  showers  probably  accompanied  by 
thunder  made  at  Boston  during  the  month  was  verified. 

As  regards  the  conditions  under  which  the  thunderstorms  of  this 
month  occurred,  an  examination  of  the  8  a.  m.  maps  of  the  thirteen 
days  on  which  progressive  storms  were  noted  brings  out  the  following 
facts :  On  seven  days  the  cyclonic  area  was  over  the  Lakes ;  on  two 
over  the  Gulf  of  St.  Lawrence ;  on  two  over  New  England ;  on  one 
over  the  Lower  St.  Lawrence,  and  on  one  day  anticyclonic  conditions 
prevailed,  with  pressure  above  the  normal.  The  most  violent  thun- 
derstorms occurred  on  the  14th  and  17th,  both  of  which  days  were 
marked  by  trough-shaped  isobars  to  the  southwest  of  the  cyclonic 
center.  The  main  features  of  the  maps  on  these  days  are  the  general 
high  temperatures  over  New  England,  being  considerably  above  the 
normal  in  most  cases ;  the  occurrence  of  local  showers  or  thunder- 
storms in  the  Lake  region  during  the  preceding  twelve  hours ;  condi- 
tions favorable  for  showers  over  New  England  during  the  following 
twelve  hours ;  southerly  or  westerly  winds ;  a  cool  wave  south  of  the 
Lakes,  and  indications  of  a  secondary  depression  over  or  to  the  west 
of  New  England  in  some  cases.  The  main  features  of  the  8  p.  m. 
maps  of  the  evenings  previous  are  in  general  similar  to  those  just 
enumerated,  the  distinguishing  characteristics,  in  addition  to  these^ 
being  the  position  of  the  cyclonic  center  farther  to  the  west  in  most 
cases,  and  the  general  rise  of  temperature  over  New  England  since 
the  last  observation. 
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Of  the  seventeen  days  in  June  on  which  no  progressive  thunder- 
storms occurred,  ten  had  a  pressure  near  or  above  normal,  generally 
clear  or  fair  and  mostly  cool,  anticyclonic  weather ;  four  ha<J  cyclonic 
centers  over  the  Lakes,  the  Gulf  of  St.  Lawrence,  or  New  England, 
with  general  rains  or  showers  over  the  district,  accompanied  by  thun- 
der at  a  number  of  stations,  but  bringing  no  progressive  thunder- 
storms, and  on  three  days  the  pressure  was  near  or  above  normal, 
with  no  definite  center,  and  showers,  accompanied  by  thunder  at 
some  stations,  fell  in  parts  of  New  England. 

July. — It  is  seen  from  Table  II  that  thunderstorms  were  reported 
during  July  on  every  day  but  the  1st,  4th,  7th,  16th,  17th,  20th, 
21st,  27th,  and  30th,  that  is,  on  twenty-two  days.  The  thunder- 
storms showed  distinct  progression  on  nine  days  only;  on  the 
remaining  thirteen  days  there  were  generally  few  reports,  five  days 
giving  but  one  report  on  each  day,  one  day  giving  two,  and  one  day 
three  reports,  and  the  other  six  days  bringing  scattered  reports  of 
very  moderate  storms.  Considering  again,  as  in  the  case  of  June, 
only  the  progressive  storms,  it  appears  that  the  Washington  8  p.  m. 
forecasts  of  the  days  previous  to  the  occurrence  of  the  thunderstorms 
were  fully  or  partly  verified  in  six  cases,  and  were  not  verified  in 
three  cases,  and  the  corresponding  Boston  forecasts  were  fully  or 
partly  verified  in  six,  and  wrong  in  three  cases.  Of  the  8  a.  m.  fore- 
casts on  the  nine  days  during  which  the  thunderstorms  occurred,  the 
Washington  were  fully  or  partly  verified  in  seven  and  not  verified  in 
two  cases ;  the  corresponding  Boston  forecasts  were  verified  in  eight 
caBes,  and  not  verified  in  one  case.  There  being  no  8  a.  m.  forecasts 
on  July  3,  which  was  Sunday,  the  Saturday  8  p.  m.  forecast  has  been 
used  in  calculating  the  verifications. 

From  Table  II  it  will  be  seen  that  warning  was  given  of  the  rain 
of  these  nine  days,  either  in  the  Boston  8  p.  m.  forecasts  of  the  pre- 
ceding days  or  in  the  8  a.  m.  Boston  forecasts  on  the  thunderstorm 
days,  in  every  case.  Thunder  showers  were  predicted  in  the  Boston 
forecasts  at  8  p.  m.  of  the  days  previous  in  two  cases,  and  at  8  a.  m. 
of  the  storm  days  in  two  more  cases,  and  in  the  remaining  five  cases 
showers  or  rcuin  were  predicted.  The  Washington  forecasts  also  gave 
warnings,  either  of  thunder  showers  or  of  rain,  in  every  case,  when 
both  8  a.  m.  and  8  p.  m.  forecasts  are  reckoned.  The  Boston  fore- 
casts predicted  no  thunderstorms  when  such  storms  did  not  occur. 
The  Washington  forecasts  predicted  them  in  one  case  when  they  did 
not  occur. 

The  8  a.  m.  weather  maps  of  the  thunderstorm  days  show  the 
following  characteristics  as  to  pressure :  Cyclonic  centers  over  the 
Lower  St.  Lawrence  in  three  cases;  over  the  Upper  Lakes  in  two 
cases ;  over  the  Lower  Lakes  in  two  cases ;  over  the  Gulf  of  St.  Law- 
rence in  one  case,  and  in  the  remaining  case  there  was  no  well-defined 
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center  of  low  pressure.  The  further  features  were  high  temperatures 
over  New  England,  in  some  cases  unusually  high;  showers  during 
the  preceding  twelve  hours  in  the  Lake  regions,  and  generally  a  cool 
wave  following  over  the  Lakes  or  west  of  them.  There  were  thirteen 
days  on  which  thunderstorms  were  reported  and  showed  no  move- 
ment. These  days  were  generally  characterized  by  anticyclonic  con- 
ditions of  weather,  with  pressure  above  the  normal.  Two  of  them 
had  moderate  cyclonic  areas  over  the  Lakes  or  the  Gulf  of  St.  Law- 
rence, with  high  temperatures  over  New  England,  and  it  is  to  be 
noted  that  both  of  these  days  brought  several  reports  of  thunder- 
storms, though  no  movement  can  be  made  out.  The  no-thunderstorm 
days  show  either  anticyclonic  conditions  or  cyclonic  areas  over  the 
Lower  St.  Lawrence  or  over  the  Gulf  of  St.  Lawrence.  In  the  latter 
cases  clearing,  cooler  weather  had  already  set  in  over  New  England, 
and  the  forecasts  were  for  fair  weather.  The  small  number  of  dis- 
tinct thunderstorms  during  July  was  evidently  due  to  the  fact  that 
the  anticyclones  of  the  month  were  more  marked  and  of  longer 
duration  than  the  cyclones,  and,  although  they  were  less  in  number 
than  the  latter,  they  controlled  the  weather  during  the  greater  part 
of  the  month. 

August. — ^During  the  month  of  August,  as  will  be  seen  from  Table 
III,  thunderstorms  were  reported  on  all  days  but  the  following  :  let, 
2d,  7th,  8th,  15th,  16th,  17th,  18th,  22d,  23d,  24th,  28th,  29th,  and 
30th.  They  were  therefore  recorded  on  seventeen  days  during  the 
month.  On  nine  of  these  days  they  showed  progression  across 
country,  viz.,  on  the  4th,  5th,  6th,  9th,  10th,  11th,  12th,  19th,  and 
25th.  On  the  remaining  eight  days  on  which  thunderstorms  were 
reported  they  do  not  seem  to  have  moved  more  than  a  very  few  miles, 
and  no  rain-front  lines  can  be  drawn.  Of  these  days,  two  brought 
one  report  only,  two  brought  two  reports  only,  and  of  the  remaining 
four  days,  two  brought  less  than  ten  reports  and  one  brought  fifteen 
reports.  It  is  seen  from  this  that  on  those  days  when  the  thunder- 
storms did  not  have  distinct  progression  the  reports  were  very  few  in 
number.  They  were  also  scattered,  and  the  local  storms,  often  merely 
thunder  without  rain,  to  which  they  referred,  were  very  moderate  in 
character. 

Coming  now  to  the  forecasts  for  the  nine  days  with  distinctly  pro- 
gressive thunderstorms,  we  find  that  the  Washington  and  Boston  8 
p.  m.  forecasts  of  the  days  previous  were  fully  or  partly  verified  in 
seven  cases,  and  were  not  verified  in  two  cases.  Of  the  8  a.  m.  Wash- 
ington and  Boston  forecasts  on  the  thunderstorm  days,  eight  were 
fully  or  partly  verified  and  one  was  not  verified.  It  appears  that 
warning  was  given  of  the  precipitation  on  the  nine  thunderstorm 
days  in  the  Boston  forecasts  in  every  case.  Thunderstorms  or  thunder 
showers,  or  showers  with  thiLuder,  were  predicted  in  the  Boston  forecasts 
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of  the  evenings  preceding  the  nine  distinct  thunderstorm  days  in  two 
cases,  and  in  the  morning  forecasts  of  those  days  in  three  more  cases, 
and  in  the  remaining  four  cases  showers  or  local  rains  were  predicted, 
without  mention  of  thunder.  The  Washington  forecasts  also  covered 
the  precipitation  which  came  on  these  thunderstorm  days  in  every 
case.  The  Boston  forecasts  gave  no  predictions  of  thunderstorms^  thun- 
der showers  or  showers  accompanied  by  thunder  which  were  not  verified, 
fully  or  partly.  The  Washington  forecasts  predicted  thunder  showers 
for  New  England  on  two  days  only,  and  in  each  case  the  prediction 
was  verified. 

The  nine  days  which  brought  distinctly  progressive  thunderstorms 
show  the  following  characteristics  as  to  pressure :  Cyclonic  centers 
over  the  Lower  St.  Lawrence  in  three  cases ;  over  the  Gulf  of  St.  Law- 
rence in  two  cases ;  over  the  Upper  Lakes  in  one  case ;  over  the  Lower 
Lakes  in  two  cases,  and  off  the  New  England  coast  in  one  case.  The 
connection  of  thunderstorm  occurrence  with  centers  of  low  pressure 
is  thus  again  clearly  brought  out,  and  also  it  is  seen  that  the  isobars 
were  trough-shaped  in  several  cases,  notably  on  August  5th,  6th,  and 
19th,  on  all  of  which  days  severe  thunderstorms  occurred.  The  char- 
acteristics of  these  maps  are,  further,  conditions  favorable  for  rain 
and  high  temperatures  over  New  England,  and  showers  and  lower 
temperatures  in  the  Lake  region  during  the  preceding  twelve  hours. 
The  maps  of  the  eight  days  on  which  scattered  thunderstorms  or 
thunder  were  reported,  but  on  which  no  distinct  movement  was  noted, 
show  the  following  characteristics :  Pressure  normal  or  above  normal, 
and  usually  rising,  temperatures  considerably  lower  than  on  the  dis- 
tinct thunderstorm  "days  (about  10°),  with  conditions  favorable  for 
showers,  but  closely  followed  by  clearing  weather  in  six  cases  and 
fair  weather  in  two  cases.  The  distinction  between  these  two  sets  of 
maps  is  therefore  quite  clear.  The  maps  of  the  remaining  no-thun- 
derstorm days  show  a  striking  similarity  in  their  features,  viz.,  pres- 
sure above  the  normal ;  temperatures  lower  than  on  thunderstorm 
days;  fair,  anticyclonic  weather,  and  northerly  or  northeasterly 
winds.  In  a  few  cases  there  was  a  cyclonic  center  over  the  Gulf, 
moving  off  to  the  northeast.  It  is  seen,  therefore,  that  the  condi- 
tions of  thunderstorm  occurrence  were  quite  distinct  through  this 
month. 
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CONCLUSION. 

From  the  accompanying  tables  and  summary  the  status  of  the  Wash- 
ington and  Boston  forecasts  regarding  the  thunderstorms  of  the  sum- 
mer has  been  made  clear,  and  in  presenting  this  result  the  chief  ob- 
ject of  this  report  has  been  attained.  It  must  be  confessed  that  the 
interpretation  of  the  verifications  has  been  very  liberal,  but  still  the 
fact  stands  out  quite  plainly  that  the  percentage  of  success  was  high. 
It  was  intended,  at  the  beginning  of  the  summer's  work,  to  make 
arrangements  for  having  telegraphic  reports  sent  to  Boston  from  a 
few  stations  on  the  western  border  of  Massachusetts  and  Connecticut 
whenever  a  distinct  thunderstorm  passed  over  the  observers  there. 
The  hope  was  that  such  a  scheme,  tried  throughout  one  or  two 
months,  would  show  whether  this  is  practicable  on  a  larger  scale,  the 
object  being  to  determine  whether  or  not  some  such  plan,  systematic- 
ally carried  out,  might  not  make  more  definite  thunderstorm  fore- 
casts possible  by  the  sending  out  of  special  telegrams  from  the  Bos- 
ton office,  giving  warning  of  approaching  storms.  This  plan  was 
not  put  into  operation  for  several  reasons,  but  the  experience  of  the 
summer  has  shown  that  it  would  have  been  of  little  use.  In  the  first 
place,  if  a  thunderstorm  passed  over  a  single  station,  or  even  several 
stations  on  the  western  border,  it  would  be  difficult  to  tell  whether 
it  was  going  to  extend  so  as  to  cover  all,  or  a  part,  of  New  England, 
or  was  soon  to  fade  away,  traveling  only  a  few  miles.  Secondly,  the 
time  consumed  in  sending  the  telegraphic  reports  to  the  Boston  office 
and  from  there  out  again  to  other  stations  would  be  so  long  that  the 
thunderstorm,  if  it  were  moving  across  country  at  the  usual  rate, 
would  have  reached  most  of  the  towns  before  the  telegram  from  Bos- 
ton could  be  received.     This  plan  is  therefore  deemed  impracticable. 

Another  plan,  first  suggested  some  twenty  or  more  years  ago,  seems 
to  have  a  good  deal  to  recommend  it.  It  is,  briefly,  this :  Whenever 
any  observers  on  the  western  borders  of,  in  this  case,  Vermont, 
Massachusetts,  and  Connecticut,  note  the  passage  of  a  thunderstorm 
over  their  plaoe  of  observation,  they  shall  at,  once  telegraph  or  tele- 
phone the  fact  to  other  places  farther  east,  and  that  from  these  lat- 
ter stations  the  warning  should  be  sent  on  still  farther  east,  and  so 
on.  At  every  place  where  such  a  w^arning  is  received,  flags  should 
be  hoisted  or  whistles  blown,  according  to  some  definite  prearranged 
scheme,  to  inform  the  people  of  the  fact  that  a  thunderstorm  is  on 
its  way.  It  is  believed  that  this  method  would  be  the  best  one,  and 
indeed  the  only  practicable  one,  for  giving  distinct  warning  of  ap- 
proaching storms  by  telegraph  or  telephone.  The  advantages  to  be 
gained  from  it  would  be  greatly  increased  if  warnings  could  be 
received  from  stations  in  New  York  State  whenever  thunderstorms 
pass  over  them  moving  in  an  easterly  direction.  Such  a  plan,  sys- 
tematically arranged  in  the  spring  and  carried  out  through  the  sum- 
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mer,  would,  it  is  believed,  be  of  great  benefit  to  farmers.  One  of 
the  difficulties  in  making  it  successful"  is  the  lamentable  lack  of 
trained  observers  in  New  England.  A  trained  observer  can,  in  many 
cases,  tell  whether  a  thunderstorm  at  his  place  of  observation  is 
merely  a  local  one,  or  is  part  of  one  of  the  larger  disturbances,  which 
often  extend  over  several  hundred  miles  and  may  be  expected  to 
travel  across  the  districts  north  and  south,  as  well  as  east  of  him. 
To  give  warning  to  stations  farther  east  in  evei^y  case  where  a  thunder- 
storm passes  over  any  place  would  very  soon  bring  the  whole  scheme 
into  ridicule. 

Considering  the  success  attained  in  the  forecasts  during  the  sum- 
mer, it  is  believed  that  the  first  step  to  benefit  agricultural  interests 
at  present  should  be  towards  a  greater  extension  of  the  display  sta- 
tions of  the  New  England  Weather  Service.  The  increase  in  the  num- 
ber of  these  stations  during  the  past  year  has  been  very  rapid,  and  at 
present  the  forecasts  are  scattered  broadly  over  all  the  New  England 
States,  but  the  further  extension  of  this  work,  by  sending  out  more 
telegraphic  and  telephonic  forecasts,  and  by  the  establishment  of  more 
display  stations,  would,  it  is  evident,  be  of  great  and  direct  benefit, 
both  in  disseminating  the  forecasts  in  general,  and  the  thunderstorm 
forecasts  in  particular.  In  this  direction  the  Weather  Bureau  has  a 
field  of  work  which  cannot  fail  to  be  productive  of  great  good  to  the 
farmers  of  New  England. 

It  has  been  seen,  as  was  to  have  been  expected,  that  the  local  forecasts 
made  at  Boston  attained  a  somewhat  higher  degree  of  accuracy  than 
those  made  at  Washington.  This,  combined  with  the  additional  fact 
that  the  Boston  forecasts  are  made  and  sent  out  from  half  an  hour  to 
an  hour  before  the  Washington  forecasts  are  received  at  Boston,  makes 
it  plain  that  the  interests  of  the  Weather  Service  work  in  New  Eng- 
land would  be  best  furthered  by  the  distribution  of  the  local  forecasts. 

The  majority  of  the  voluntary  observers  kept  faithful  records 
throughout  the  summer,  but  their  inexperience  in  such  matters,  which 
they  frankly  acknowledge,  necessarily  impairs  the  value  of  the  reports. 
The  latter  serve  well  enough  to  determine  the  main  facts  of  the  ex- 
tent and  progression  of  the  storm,  and  of  the  changes  in  wind  direc* 
tion  and  temperature,  but  the  data  as  to  amount  of  rainfall  and  di- 
rection of  movement  of  the  storms  have  generally  been  disregarded, 
on  the  ground  that  they  are  unreliable.  The  careful  measurement  of 
rainfall  is  a  difficult  task,  and  the  crude  means  necessarily  adopted 
by  the  observers  make  it  plain  that  the  amounts  registered  are  in 
most  cases  too  inaccurate  for  quotation.  The  rainfall  records  have, 
however,  served  very  well  to  give  a  general  idea  of  the  amount  of  rain, 
whether  heavy  or  light.  As  to  direction  of  movement,  the  records  dif- 
fer very  greatly,  observers  near  together  often  giving  exactly  contrary 
directions.     For  this  reason,  and  because  the  determination  of  the 
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movement  of  a  thunderstorm  from  each  place  of  observation  by  itself 
is  very  difficult,  this  portion  of  the  records  has  generally  been  disre- 
garded. The  space  devoted  to  "  Remarks  "  on  the  blanks  was  very 
small,  but  several  observers  made  good  use  of  it.  The  most  note- 
worthy remarks  have  been  quoted  in  the  preceding  pages,  and  some  of 
them  show  careful  and  interested  attention  on  the  part  of  the  ob- 
servers to  the  storms  to  which  they  refer.  The  most  valuable  notes 
on  the  thunderstorms  of  the  summer  are  those  from  Prof.  W.  M. 
Davis  in  connection  with  the  storms  of  June  14  and  17,  but  many  of 
the  others,  quoted  in  the  descriptions  of  the  several  storms,  are  worthy 
of  attention,  especially  those  from  Mr.  Wm.  C.  Appleton  on  July  29, 
from  Newburyport  on  June  14,  and  those  describing  the  ending  of  a 
storm  on  August  4.  But  little  attention  is  given  to  cloud  observa- 
tions. A  few  simple  records  of  the  growth  and  movement  of  the 
thunderstorm  clouds  would  give  valuable  results,  and  it  is  believed 
by  the  writer  that  careful  attention  to  this  subject  would  help  greatly 
in  a  full  discussion  of  the  theory  of  thunderstorms.  Further,  each 
observer,  by  noting  the  growth  and  movements  of  the  thunder  clouds, 
can,  with  a  little  practice,  make  tolerably  accurate  forecasts  for  him- 
self of  the  approach  of  thunderstorms.  To  this  end  the  movement  of 
the  overflowing  cirrus  cover,  which  usually  runs  an  hour  or  more 
ahead  of  the  storm,  should  be  carefully  noted ;  for  it  appears  from  the 
study  of  these  storms  so  far  that  they  seldom  occur  unless  there  is  a 
cirrus  overflow  from  the  top  of  the  general  cumulus  cloud  mass.  In 
this  direction  there  seems  to  be  an  attractive  and  a  useful  line  of 
work. 

The  materials  at  hand  at  present  are  not  sufficient  for  a  complete 
discussion  of  the  general  theory  of  thunderstorms  in  relation  to  the 
thunderstorms  of  New  England,  and  therefore  this  portion  of  the 
subject  is  deferred  to  a  later  date.  It  may,  however,  be  stated  here, 
that,  as  has  been  seen,  the  great  majority  of  the  thunderstorms  of 
New  England  occur  in  the  southeastern,  southern,  or  southwestern 
octants  of  cyclonic  centers  central  over  the  Lakes,  the  Lower  St. 
Lawrence,  or  the  Gulf  of  St.  Lawrence.  This  clearly  shows  that  their 
convectional  overturning  is  generally  due  partly  to  the  imported 
warmth  brought  in  the  warm  southerly  winds  of  the  cyclonic  circu- 
lation and  not  only  to  the  warming  due  to  local  insolation.  They  do 
occur  on  hot,  anticyclonic  days,  but  less  frequently,  and  the  storms 
under  such  conditions  are  usually  small  affairs,  of  moderate  char- 
acter, and  only  move  a  few  miles.  They  have  been  well  described  in 
the  reports  several  times,  the  observers  noting  their  beginning  as  an 
ordinary  cumulus  cloud  of  small  size,  which  gradually  grows  upwards 
and  soon  brings  rain,  with  moderate  thunder  and  lightning.  The 
storm  is  usually  noted  as  of  small  extent  north  and  south,  and  as 
fading  away  after  an  hour  or  less. 
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The  data  from  one  summer's  investigation  are  of  course  too  few  to 
give  any  reliable  averages.  A  few  general  facts  may,  however,  be 
noted  here.  The  majority  of  the  thunderstorms  of  New  England 
have  their  origin  outside  of  this  district,  and  come  to  it  ready-made 
from  the  West ;  they  are  mostly  large  disturbances,  covering  many 
miles,  in  several  cases  two  or  three  hundred  miles,  and  move  in  a 
systematic  way  in  an  easterly  direction.  The  lines  showing  the  posi- 
tions of  the  rain-front  at  successive  hours  and  half-hours  usually  run 
in  a  NE.-SW.  direction,  which  gives  the  storm,  when  charted,  the 
appearance  of  a  southeasterly  movement.  It  is  believed,  however, 
that  the  storms  usually  move  in  a  more  easterly  or  even  northeasterly 
direction,  but  sidle  along,  as  it  were,  their  broad  rain-front  extending 
from  northeast  to  southwest.  This  gives  them  practically  a  south- 
easterly movement.  The  convex  rain-front  lines,  which  are  a  general 
characteristic  of  thunderstorms,  are  clearly  brought  out  in  several  of 
the  charts. 

With  regard  to  the  classification  of  the  storms,  according  to  pro- 
gression and  non-progression,  adopted  in  this  report,  it  may  be  stated, 
as  already  mentioned  above,  that  the  storms  which  do  not  show 
distinct  movement  across  the  country  and  which  cannot  be  charted 
on  the  general  plan  herein  adopted,  are  generally  moderate  and  local 
in  character,  and  seldom  do  damage.  It  has  already  been  seen  that 
the  days  on  which  thunderstorms  were  reported,  but  on  which  no 
movement  can  be  made  out,  bring  only  few  and  scattered  reports. 
The  hours  of  maximum  frequency  during  the  summer  were  4-8  p. 
m. ;  the  average  velocity  was  a  little  less  than  30  miles  an  hour. 

One  of  the  notes  most  frequently  made  in  the  records  is  on  the 
dividing  of  the  storms  before  they  reached  the  observer.  Indeed, 
almost  every  storm  during  the  summer  was  noted  as  dividing  at  one 
or  more  stations.  With  reference  to  this  phenomenon  it  may  be  said 
that  it  is  very  likely  that  the  small  local  storms,  which  last  but  a 
short  time,  can  be,  and  are  often,  influenced  by  the  topography  of  the 
country,  that  is,  by  the  mountains  and  river  valleys.  It  does  not 
seeem  possible,  however,  that  the  larger  storms  which  ascend 
thousands  of  feet  into  the  atmosphere,  which  may  move  several  hun- 
dred miles,  and  which  cross  the  White  and  Green  mountains  and 
the  Berkshire  Hills  apparently  without  any  change  in  their  move- 
ment, can  be  influenced  by  small  isolated  hills  or  river  valleys.  The 
account  given  by  the  observer  at  Dublin,  N.  H.,  confirms  this  point, 
at  least  as  far  as  that  station  is  concerned.  He  says  that  Mount 
Monadnock  causes  the  smaller  storms  to  divide  every  time  they  come 
to  it  from  the  west,  and  that  the  two  parts  go  northeast  and  south- 
east, respectively,  leaving,  as  he  reports,  Dublin  in  the  center  of  two 
rainy  belts,  without  a  drop  of  rain  there.  This  dividing,  he  says, 
happens  only  when  the  storms  are  small,  and  when  their  northern 
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and  southern  limits  can  be  seen.  In  the  case  of  larger  and  more 
severe  storms,  whose  limits  can  not  be  seen,  the  mountain  has  no 
effect. 

Many  cases  of  the  apparent  effect  of  topography  can  undoubtedly 
be  explained  by  the  fact  that  when  an  observer  sees  a  thunderstorm 
coming  from  the  west  he  expects  it  will  pass  over  him,  no  matter 
what  the  direction  of  movement  of  the  storm.  If  the  storm  does  not 
move  over  the  observer,  but  in  its  regular  course  moves  northeast  or 
southeast  of  him,  he  is  very  apt  to  attribute  this  to  the  influence  of 
neighboring  hills  or  valleys.  Another  very  common  belief  is  that 
certain  districts  are  more  exposed  to  damage  by  thunderstorms, 
including  lightning  and  hail,  than  others  near  by.  This  point  is  an 
interesting  one  for  further  investigation,  but  at  present  no  definite 
statement  can  be  made  with  regard  to  it. 

In  presenting  this  report  the  writer  feels  that  it  by  no  means  con- 
tains all  the  results  that  can  be  obtained  from  the  data  collected 
during  the  summer  of  1892,  but  it  does  bring  out  some  of  the  main 
facts  concerning  the  thunderstorms  of  New  England,  and  as  a  pre- 
liminary contribution  to  further  work  when  more  data  are  at  hand  it 
cannot  fail  to  be  of  value. 

Robert  DbC.  Ward. 
Harvard  University* 

Cambridge,  Mass.,  March  1,  1893. 
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REPORT  ON  THUNDERSTORMS  IN  OHIO  DURING  THE  SUMMER  OF 
1892,  BY  MR.  CHARLES  M.  STRONG,  OBSERVER,  WEATHER  BUREAU, 
COLUMBUS,  OHIO. 

Columbus,  Ohio,  October  22,  1892. 

Sir:  I  have  the  honor  to  submit  herewith  a  report  on  thunder- 
storms in  Ohio  during  the  months  of  June,  July,  and  August,  1892. 

During  June,  July,  and  August  thunderstorms  occurred  on  forty- 
eight  days  in  the  various  portions  of  the  State.  For  the  northern 
section  of  the  State  forecasts  for  this  class  of  storms  were  issued  from 
Cleveland  on  twenty-two  days,  and  all  were  verified  by  the  occurrence 
of  storms  in  some  portion  of  the  section;  thunderstorms  were 
reported  on  twenty-four  days  for  which  no  forecasts  were  issued. 
For  the  southern  section  of  the  State  forecasts  were  issued  from  Cin- 
cinnati on  ten  days,  and  w^ere  all  verified ;  thunderstorms  occurred 
on  thirty-two  days  for  which  no  forecasts  were  issued.  For  the  cen- 
tral section  of  the  State,  covering  a  radius  of  50  miles  around  Colum- 
bus, warnings  were  issued  on  thirty-three  days,  of  which  thirty-one 
were  verified  and  two  not  verified. 

The  above  warnings  were  issued  and  based  on  the  morning  daily 
weather  charts  of  the  three  stations.  In  addition  to  these,  warnings 
were  issued  from  Columbus  based  on  telegrams  received  from  Cin- 
cinnati, Louisville,  and  Indianapolis  on  five  days,  and  of  these  two 
were  verified  and  three  not  verified.  Within  the  Columbus  district 
seven  thunderstorms  occurred  for  which  no  warnings  were  issued. 
The  percentage  at  these  three  forecasting  stations,  in  the  forecasts 
issued  from  the  daily  weather  map,  is  very  good,  considering  the  lim- 
ited knowledge  as  to  the  circumstances  under  which  this  class,  of 
storms  develop. 

No  date  for  which  the  probability  of  the  occurrence  of  these  storms 
was  forecasted  occurred  without  the  happening  of  the  condition  in 
some  portion  of  the  section.  The  great  drawback  to  this  excellent 
record  is  the  simple  fact  that  thunderstorms  occurred  on  so  many 
days  for  which  no  forecasts  were  issued. 

I  have  the  honor  to  submit  the  following  conclusions  which  I  have 
draw^n  from  the  charts  made  for  this  season,  which  I  submit  only  as 
inferences,  which  may  or  may  not  be  supported  by  the  work  of  future 
seasons. 

1st.  Movement  of  thunderstorms  across  the  State. — Thunderstorms 
appearing  over  the  northwest  portion  of  the  State  during  the  season 
have  either  moved  to  the  northeast  over  the  counties  adjoining  the 
lake  or  have  taken  a  southerly  trend  to  the  southward  of  the  northern 
watershed  over  the  Scioto  and  Muskingum  valleys  and  passed  south- 
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easterly  into  West  Virginia.  Those  appearing  over  the  central- 
western  border  have  moved  east  to  the  central  portion  of  the  State, 
and  thence  northeast  to  the  Lakes  or  southeast  over  the  Muskingum 
Valley  to  West  Virginia.  Those  appearing  over  the  southwest  border 
have  moved  east  along  the  Ohio  Valley  or  dissipated.  Those  starting 
over  the  south-central  portion  of  the  State  have  moved  northeast 
along  the  Ohio  or  southeast  into  West  Virginia. 

Of  the  various  storms  46  per  cent  have  moved  to  the  southeast ;  25 
per  cent  to  the  northeast ;  29  per  cent  to  the  east.  The  general  trend 
of  all  well-developed  storms  appears  to  be  to  the  southeast,  over  the 
central  portion  of  the  State,  and  is  due,  I  should  think,  to  the  general 
contour  of  the  southern  portion  of  the  State,  the  heated  atmosphere 
of  the  numerous  valleys  therein,  and  the  easterly  movement  of  the 
surface  air.  The  high  elevation  of  the  central-eastern  and  north- 
eastern portions  of  the  State  exerts  a  more  or  less  perceptible  influ- 
ence towards  warding  off  the  local  storms  to  the  southeast. 

During  the  month  of  June  the  average  velocity  of  the  storms  mov- 
ing to  the  southeast  was  25  miles ;  northeast,  26  miles ;  and  east,  one 
storm,  42  miles.  During  July,  southeast,  32  miles;  northeast,  17 
miles,  and  east,  25  miles.  During  August,  southeast,  32  miles ;  north- 
east, 36  miles.  The  average  movement  for  all  storms  during  June  was 
28  miles;  July,  22  miles;  August,  29  miles;  and  for  the  season,  26 
miles.  The  greatest  development  and  spread  of  any  single  storm 
was  on  August  9,  when  the  electrical  display  was  noted  at  two  points 
40  miles  apart  in  twenty  minutes,  the  least  rapid  occurred  on  June 
27,  when  a  rate  of  10  miles  was  recorded. 

2d.  Positions  of  low  areas  ichen  thunderstorim  occurred. — During  the 
month  of  June  the  centers  of  general  storm  areas  were  distant  from 
the  State  in  an  average  number  of  miles  as 
follows:  NW.,  eight  days,  500  miles;  W., 
four  days,  500  miles;  SW.,  one  day,  400 
miles;  NE.,  six  days,  400  miles;  N.,  one 
day,  100  miles,  and  E.,  one  day,  500  miles.  '^^ 
During  July,  as  follows:  NW.,  three  days, 
700  miles;  W.,  five  days,  600  miles;  NE., 
two  days,  450  miles,  and  N.,  two  days,  450 
miles.  During  August,  as  follows :  N W.,  three  days,  430  miles ;  W., 
one  day,  300  miles;  SW.,  three  days,  530  miles;  NE.,  two  days,  170 
miles,  and  N.,  one  day,  400  miles. 

The  above  diagram  is  intended  to  illustrate  the  position  of  the  low 
areas  relative  to  the  State  of  Ohio  on  the  days  on  which  thunder- 
storms occurred  within  the  State.  The  outside  figures  being  the  num- 
ber of  days  on  which  thunderstorms  occurred  in  the  different  rela- 
tive positions  of  the  low  area,  and  the  inside  figures  the  average  num- 
ber of  miles  the  low  areas  were  distant  when  they  occurred.    From 
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the  diagram  it  can  be  readily  seen  that  the  thunderstorms  occurred 
the  greatest  number  of  times  when  the  low  area  was  in  the  northwest, 
and  it  will  be  noted  that  they  could  be  anticipated  when  the  main 
storm  was  900  miles  distant,  with  a  recurrence  from  day  to  day,  as 
long  as  the  main  low  area  maintained  a  position  to  the  west  or  north- 
west. Over  50  per  cent  of  these  storms  occurred  with  the  low  areas 
in  this  position  as  regards  Ohio.  The  next  most  frequent  direction 
was  when  the  main  storm  had  attained  a  northeasterly  direction  as 
regards  the  State,  and  in  the  main  appears  to  have  been  caused  by  the 
changes  in  temperature  that  accompany  the  passage  of  a  large  storm, 
the  thunderstorms  being  mainly  light  and  local  in  character  and  mov- 
ing toward  the  southeast  in  advance  of  the  general  westerly  or  north- 
westerly winds.  As  shown  by  the  diagrams,  no  thunderstorms  occurred 
with  the  main  low  area  to  the  south  and  southeast  during  the  season. 
Whether  the  rule  would  hold  that  they  do  not  originate  with  the  low 
areas  in  the  southeast  quadrant  remains  for  future  work  to  disclose. 
Thunderstorms  of  July  11,  24,  and  30  are  phenomenal  in  movement, 
and  unexplainable  unless  caused  by  a  retrogression  of  thunderstorm 
energy. 

3d.  Predictions  of  thunderstorms  based  on  telegrams  and  upon  the  daily 
weather  map, — In  regard  to  the  successful  prediction  of  thunderstorms, 
based  upon  telegrams  received  from  points  to  the  west  and  southwest, 
issued  to  points  over  the  State  in  advance  of  the  thunderstorms,  I  do 
not  think  it  worth  the  expense  involved.  It  is  almost  an  impossibility 
to  make  a  direct  prediction  as  to  the  time  and  place  w^ith  the  infor- 
mation obtained  in  this  manner.  The  movements  of  the  different 
storms  vary  so  greatly  as  to  direction  and  velocity  that  a  successful 
prediction  is  due  more  to  chance  than  anything  else.  Predictions 
issued  upon  the  daily  weather  map  in  the  form  of  "probabilities" 
without  any  specification  as  to  time  or  place,  except  the  day  and  sec- 
tion, are  far  more  applicable,  and,  with  the  limited  knowledge  at  hand, 
successful,  than  the  former  class.  This  is  most  thoroughly  evidenced 
by  the  record  of  the  past  season.  While  it  might  'be  profitable,  if 
available,  to  use  the  telephone  in  tracing  these  storms  across  the 
State,  still  the  warnings  given  in  advance  would  be  of  such  short 
time  that  no  preparation  to  meet  the  exigency  could  be  made.  With 
the  issuance  of  the  "probabilities"  and  their  diffusion  over  the  State, 
the  person  interested,  knowing  that  local  storms  of  this  character 
were  anticipated,  could  so  conduct  his  work  as  to  protect  himself 
from  any  serious  loss. 

I  do  not  think  the  time  has  come  for  more  definite  forecasts  than 
are  at  present  given.  The  predictor,  knowing  the  local  peculiarities, 
the  average  path  of  development  of  the  thunderstorms  under  a  gen- 
eral set  of  conditions,  and  the  general  conditions,  can  make  with  a 
great  deal  of  certainty  his  local  forecast  for  his  section,  and  be  sure 
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to  make  a  fairly  good  percentage.  The  success  will,  however,  depend 
in  a  great  degree  upon  the  ability  of  the  forecaster,  individually,  to 
grasp  all  the  points  bearing  on  his  section,  and  to  state  them  in  as 
few  words  as  possible. 

Hoping  that  I  Jiave  covered  the  ground  as  desired,  and  as  fully 
reviewed  the  season  as  necessary,  I  remain. 
Very  respectfully, 

Chas.  M.  Strong, 
Observer  Weather  Bureau, 
Chief  op  the  Weather  Bureau, 

Washington,  D,  C. 
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Washington,  D.  C,  July  12,  1893. 

Sir  :  I  have  the  honor  to  transmit  herewith  a  paper  entitled  "  The 

Climate  of  Chicago,"  which  has  been  prepared  by  Prof.  Henry  A. 

Hazen,  of  this  Bureau,  and  to  recommend  its  publication  as  Weather 

Bureau  Bulletin  No.  10. 

Very  respectfully, 

Mark  W.  Harrington, 

Chief  of  Weather  Bureau, 
Hon.  J.  Sterling  Morton, 

Secretary  of  Agriculture. 
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THE  CLIMATE  OF  CHICAGO. 


LOCATION  OF  CHICAGO. 


The  city  of  Chicago  is  situated  on  the  west  shore  of  Lake  Michigan. 
The  courthouse  is  in  latitude  41^  58^  north,  longitude  87^  37^  west, 
from  Greenwich.  The  frontispiece  shows  the  general  trend  of  the 
shore  of  the  lake.  The  following  measurements  indicate  the  water 
surface  which  would  be  traversed  by  different  winds:  north,  150 
miles;  north-northeast,  300  miles;  northeast,  108  miles;  east,  50 
miles ;  southeast,  25  miles.  The  land  surface  about  Chicago  is 
almost  %  level  prairie.  The  elevation  of  the  lake  (high  water  of 
1848)  is  682  feet  above  the  sea.  The  highest  land  in  the  State,  so  far 
as  measured  and  recorded,  is  at  Warren  in  the  extreme  northwest, 
1,005  feet.  The  elevations  of  the  following  towns  will  show  the  gen- 
eral heights  within  50  miles  of  the  city :  Saint  Ann,  660  feet ;  Kan- 
kakee, 626  feet;  Geneva,  717  feet;  Elgin,  713  feet;  and  Aurora,  648 
.  feet.  It  will  be  seen  that  the  general  elevation  of  the  whole  land 
surface  is  not  more  than  100  feet  above  the  plane  of  the  city. 

METEOBOLOOIC  OBSEBVATIONS. 

The  earliest  meteorologic  observations  that  have  been  preserved 
were  made  at  Fort  Dearborn,  near  the  lake  shore,  in  July,  1832.  This 
series  was  continued  until  December,  1836,  when  there  is  a  gap  up  to 
December,  1856,  excepting  a  few  observations  at  the  Mechanics'  Insti- 
tute, in  1844.  From  January  1,  1858,  to  October,  1859,  no  records  are 
on  file,  but  since  November,  1859,  a  continuous  series  of  observations 
'  has  been  maintained  down  to  the  present  time,  with  the  exception  of 
14  days  in  October,  1871,  which  were  lost  in  the  great  fire  of  October 
8  and  9.  These  remarks  apply  to  observations  of  temperature.  For 
rainfall  the  records  are  not  so  complete. 

Previous  to  November,  1870,  when  the  Army  Signal  Service  began 
observations,  the  following  persons  took  observations :  S.  Meacham, 
8.  Brooks,  J.  G.  Langguth,  W.  S.  Kauffman,  C.  E.  Brinsmade,  A.  M. 
Byrne,  G.  D.  Hiscox,  and  others.  There  has  been  no  fixed  place  for 
these  records,  some  of  them  have  been  at  the  University  and  others 
at  various  places  in  the  city.  All  records  of  this  description  in  the 
immediate  city  have  been  badly  broken  by  the  fire. 
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WEATHER  flERVICE   RECORDS. 

On  October  15, 1870,  the  U.  S.  Army  Signal  Service  station  was  estab- 
lished at  No.  162  E.  Washington  street,  and  observations  have  been 
maintained  continuoiwly  since  that  time,  except  for  14  days  in  October, 
1871.  The  following  table  gives  the  location  of  eaxjh  office,  with  date 
of  establishment  and  height  of  each  instrument.  The  records  before 
October,  1871,  are  somewhat  uncertain,  as  the  complete  obliteration 
of  many  records  and  the  buildings  themselves  has  prevented  a  recov- 
ery of  measurements.  It  will  be  noted  that  there  has  been  a  rather 
steady  increase  in  the  heights  of  all  the  instruments  downr  to  Febru- 
ary, 1890,  and  this  will  make  it  quite  difficult  to  obtain  absolute  com- 
parisons between  the  records  i^t  the  different  offices,  except  those  of 
the  barometer,  clouds,  fog,  storms,  etc. 

Table  I. — Position  of  each  Signal  Office  in  Chicago^  wiihelevcUion  of  each  insirumenL 


Efltablished. 


Oct.  15,  1870... 
May  1, 1871  ... 
Oct.  15,  1871... 
June  II,  1872.. 
June  8,  1873... 
Jnn.  1, 1887. . . . 
Feb.  z,  1890. . . 


Office. 


162  E.  Washington  at 

164  E.  Washington  Bt 

10  W.  Randolph  at 

80S.  Market,  Central  Block 

SE.  cor.  Madison  A  La  Salle  sts. . . , 
SW.  cor.  Clark  A  Washington  sts.. 
Auditorium  Building 


Boom. 


ax 

a 


78 
loaS 


Barom- 
eter 

aboye 
sea. 


Ther- 
mome- 
ter 
above 
ground. 


FeeL 

651 
651 

633 
6e»7 
661 

715 

834 


Rain 

gauge 

aboTe 

ground. 


FuL 
57 
57 
3a 
74 

146 
a4X 


Ane- 
mome- 
ter 
above 
ground. 


FeeL 

T 

43 

97 

93 

13a 

238 


Wind 

TAQe 

above 
ground. 


FeeL 
? 

85? 

7a 

loB 

103 

153 
a7a 


» 

7a 

"3 
loB 

155 

2171 


Table  II. — Names  of  the  observers  in  charge  of  the  Chicago  staHon  from  estahUsh- 

ment  to  present  time. 


Name. 


James  Mackintosh. 
Theodore  Mosher.. 

A.  C.  Ford 

C.  E.  Brinsmade.... 

8.  S.  BMH8ler 

J.  M.  Clifford 

J.  J.  Lynch 

Jas.  Mitchell 

John  Lnurejis  ...... 

Wm.  Norrington.  .. 

T.  B.  Jennings 

Allen  Buell 

H.  C.  FrHnkenfield.. 


From— 


October  lo,  i87o(  about), 

July  17,  187a 

January  a,  1873.... 

May  I,  1876 

Novembers,  1877 

December  ai,  1877 

January  33,  1878 

January  9, 1880 , 

March  8, 1883 , 

June  a6,  1883 

March  18,  i^ , 

July  as,  1885 

Deceniber  i,  1887 , 


To- 


Juiy  17, 1872. 
January  a,  1873. 
May  1, 1876. 
November  6, 1877. 
December  ai,  1877. 
January  23, 1878. 
January  9,  i88o> 
March  8, 1883. 
J  une  36,  1883. 
March  18, 1&4. 
July  as,  1885. 
December  i,  1887. 
In  charge  at  present. 


INFLUENCE   OF  THE   LAKE. 

In  studying  the  climate  of  Chicago,  the  greatest  interest  at  once 
centers  upon  the  lake  and  the  influence  of  its  waters  upon  the  tem- 
perature, rainfall,  winds,  clouds,  etc.  While  it  is  true  that  the 
broader  features  of  the  climate  are  dependent  upon  atmospherio 
causes  and  influences  taking  their  rise  to  the  westward  and  north- 
westward of  the  city,  yet  these  are  often  markedly  changed  by  the 
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lake  and  the  conditions  induced  by  itfi  temperature  and  moisture. 
These  influences  may  be  classed  under  two  heads : 

1st.  The  influence  of  the  moisture  evaporated  from  the  lake  and 
the  general  or  permanent  influence  of  the  presence  of  the  lake  upon 
temperature,  etc. 

2d.  The  effect  of  winds  coming  from  the  lake  or  blowing  over  the 
lake. 

TEMPERATURE   OF  THE   LAKE. 

Water  temperatures  hj^ve  been  taken  at  the  crib  since  1874,  and 
these  form  a  most  valuable  series.  Temperatures  were  also  taken  at 
a  depth  of  25  feet  by  the  city  authorities,  but  it  was  soon  discovered 
that  there  was  a  most  extraordinary  uniformity  between  the  surface. 
temperatoie  and  that  at  a  depth  of  25  feet,  the  difference  seldom 
being  one  degree.  On  inquiry  it  was  learned  that  the  temperatures 
at  26  feet  were  made  in  the  well  of  the  waterworks,  and  could  not  be 
used  for  determining  the  actual  temperature  in  the  lake  at  that 
depth.  This  would  be  a  most  interesting  fact  to  determine,  that  is, 
the  comparative  quickness  of  change  in  temperature  in  the  lake  at 
the  surface  and  at  a  depth  of  25  feet,  and,  if  possible,  50  or  more  feet. 
It  would  be  a  simple  matter  to  get  this  temperature,  and  it  is  to  be 
hoped  that  the  authorities  will  take  steps  to  make  the  measurements. 

The  Weather  Service  observer  also  took  a  record  at  the  shore,  but 
this  was  discontinued  in  the  cold  season,  while  the  crib  observa- 
tions are  taken  through  the  year.  A  comparison  of  a  few  of  the 
complete  months  at  both  places  has  shown  that  in  the  winter,  spring, 
and  summer  the  shore  temperature  has  a  tendency  to  run  slightly 
higher  than  the  crib,  but  in  the  fall  the  crib  is  frequently  the  higher. 
This  shows  the  influence  of  the  land  surface  with  a  rising  temperature. 

Table  III  gives  the  monthly  temperature  of  the  water  at  the  crib, 
and  of  the  air  at  the  Weather  Service  station.  It  was  noticed  that 
sometimes  in  the  winter  the  mean  monthly  temperature  of  the  water 
was  below  32®,  which  is  a  little  doubtful  result.  These  figures  have 
been  unchanged,  as  they  can  have  but  a  very,  slight  effect  upon  the 
final  means.  ,  Examining  the  means  for  the  17  years,  we  see  that, 
on  the  average^  the  water  and  air  have  the  same  temperature  in 
March  and  September.  In  January  the  water  is  8.9®  higher  than  the 
air,  and  in  June  it  is  9.1®  lower  than  the  air.  These  figures  are  of 
great  interest,  which  will  be  still  further  brought  out  in  studying  the 
influence  of  the  wind. 
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TEMPERATTJBE  OF  THE  LAKE.  13 

The  minimum  of  both  air  and  water  comes  in  January.  The 
mftTJTnTiin  of  the  air  is  in  July,  72.2^,  but  that  of  the  water  is  in 
August^  67.6^.  An  examination  of  the  annual  means  seems  to  show 
a  gradual  lowering  of  the  temperatit^e  in  the  later  years,  but  the  same 
is  noted  in  the  air  temperature.  It  would  be  of  some  interest  to  dis- 
cuss the  question  whether  the  mean  temperature  of  the  lake  <  from 
year  to  year  would  not  be  a  better  criterion  than  the  air  temperature 
for  determining  a  secular  variation.  For  this  purpose,  careful  ob- 
seryations  at  a  depth  of  60  feet  would  be  better  than  those  at  the 
surface.  The  annual  amplitude  of  the  lake  temperature  since  1877 
has  been  from  49.7^  to  47.0^,  and  of  air  temperature  it  has  been  from 
61^  to  46^,  or  nearly  double  that  of  th^  lake  surface. 

LAKE  TBMPERATUBES  AT  GBAKD  HAVEN  AND  MILWAUKEE. 

Tor  purposes  of  comparison,  similar  temperatures  of  water  and  air 
at  Grand  Haven  and  Milwaukee  are  given  in  Table  lY. 
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The  result  at  Grand  Haven  is  remarkable,  for  the  water  tempera- 
ture appears  to  be  higher  than  that  of  the  air  during  every  month  of 
the  year.  It  seems  difficult  to  account  satisfactorily  for  this  anoma- 
lous result.  It  is  possible  that  there  is  some  local  effect  that  pro- 
duces it.  It  may  be  that  the  water  was  quite  shallow  or  somewhat 
embayed  so  that  the  sun's  heat  produced  a  cumulative  effect  and  the 
freer  waters  of  the  lake  did  not  reach  the  point  where  the  temperature 
was  taken.  I  have  thought  that  possibly  the  surface  water  was  driven 
on  shore  by  the  prevailing  westerly  winds,  and  the  temperature  in  this 
case  would  be  somewhat  raised,  especially  in  the  summer.  It  has  also 
been  suggested  that  the  current  in  the  lake  is  from  south  to  north  on 
the  east  side;  this  would  carry  up  warm  water  from  the  south. 

At  Milwaukee  the  correspondence  between  the  water  and  air  occurs 
in  the  early  part  of  May  instead  of  March,  as  at  Chicago ;  in  the  fall 
the  agreement  is  in  September  at  both  stations. 

INFLUENCE   OF  THE   LAKE   ON  THE  AIB  TEMPERATURE. 

In  studying  the  relation  of  the  lake  temperature  to  that  of  the  air, 
we  may  arrange  all  the  temperatures  recorded  during  the  prevalence 
of  each  wind  and  then  ascertain  whether  the  winds  from  the  lake  have 
a  modifying  influence,  or  we  way  compare  these  temperatures  at  Chi- 
cago directly  with  those  at  any  other  station  not  affected  by  the  lake. 

PREVAILING  WINDS. 

Table  V  gives  the  number  of  times  the  wind  was  observed  blowing 
from  each  direction  during  18  years.  Most  of  this  table  is  made  up 
from  observations  three  times  each  day.  Fig.  1  presents  a  graphical 
arrangement  of  this  table,  or  the  wind  rose  for  every  other  month, 
the  year,  the  cold,  and  warm  months.  We  see  that  for  the  year  there 
is  a  maximum  of  winds  from  the  southwest,  and  a  secondary  maxi- 
mum from  the  northeast.  During  the  cold  months  there  is  a  marked 
preponderance  of  land  winds  while  in  the  warm  months  there  is  a 
slight  preponderance  of  lake  winds. 

Tabli  V. — Wind  directum  for  eighteen  yean. 


JoDtutry 

Febmary 

March. 

April 

May 

June 

Jaly 

Aaguat 

September...... 

October 

NoTember 

December 

Year 

Cold  months. ... 
Medium  monthi 
Warm  months.. 


N. 


99 
97 

3l6 

271 
372 

339 
190 
179 

147 
142 

99 

169 
126 


NE. 


161 
aox 

a39 
250 

212 
272 

301 
164 
152 

xoo 

78 

186 

in 

337 


B. 


xox 

105 

X30 
X79 
x8i 

173 
164 
190 

139 
123 

84 

73 

137 

X02 

143 

167 


SB. 


XX2 
X48 
X20 
156 
X93 

x6o 
166 

189 
306 

155 

135 
144 
157 

160 
x8o 


S. 


306 
2x7 

175 
144 
192 

X67 
142 
177 
212 
263 

224 
337 
196 
307 
306 

175 


8W. 


278 

241 

234 
353 

297 

360 
314 
317 

389 
303 
325 
288 

297 


W. 


334 

353 
229 

145 
132 

149 
149 
X03 

141 
X70 

388 
298 
199 

fS 

X36 


NW. 


307 

164 
344 

X39 

79 

103 
115 
104 

143 
197 


32 

x6o 

2XX 


Calm. 


30 
19 
25 
32 

31 
40 
37 
47 
34 
31 

x6 
20 
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Jmn 


■^Tis^iov. 


jSejohfnter. 


^Vw  9^f9fO€^t 


Y^a-r. 


Cold  JKonlkj 


Wmr^nAUn^s 


Fio.  1. — Wind  roiefor  six  tnonthsj  the  year,  cold  and  v>arm  numihi. 

At  first  sight  it  might  appear  that  this  difference  in  the  prevailing 
winds  would  have  a  disturbing  effect  up6n  the  determination  of  their 
effect  upon  the  various  meteorologic  elements — ^temperature,  rainfall, 
etc., — and  this  would  be  the  case  if  we  simply  summed  up  the  tem- 
perature, rainfall,  etc.,  from  each  wind,  as  some  have  done,  but  ibis 
source  of  error  entirely  disappears  if  we  determine  the  relative  values 
of  those  elements  with  each  wind.  For  example,  suppose  we  have 
300  southwest  winds  and  rain  occurring  during  60  of  them,  and  100 
east  winds  with  rains  occurring  during  50  of  them,  we  could  not  say 
that  rain  was  more  frequent  with  a  southwest  than  with  an  east  wind, 
only  20  per  cent,  of  the  southwest  winds  have  rain,  while  2^  times  as 
many  east  winds,  or  50  per  cent.,  have  rain.  The  only  source  of  error 
that  this  difference  in  the  number  of  winds  will  introduce  will  be  in 
the  scarcity  of  observations  of  temperature,  etc.,  with  some  of  the 
directions,  but  this  may  be  eliminated  by  taking  a  larger  number  of 
months. 

Table  VI  gives  the  mean  temperature  by  months  for  each  wind 
direction,  from  1875-1877,  inclusive,  and  also  the  mean  for  the  year, 
the  cold,  medium,  and  warm  months.  Fig.  2  is  a  graphical  presenta- 
tion of  this  table  (every  other  month  is  omitted).  In  the  colder 
months  we  see  a  most  marked  influence  from  the  lake,  an  east  wind 
giving  a  temperature  aljnost  13^  higher  than  a  northwest  wind.  In 
the  medium  temperature  months  there  is  little  or  no  influence,  as 
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was  to  be  expected,  since  this  is  the  transition  period  when  the  air 
and  water  temperatures  are  nearly  the  same.  At  first  it  appears  a 
little  singular  that  the  lake  wind  does  not  show  a  greater  cooling  of 
the  air  during  the  warm  months,  in  fact,  the  effect  appears  almost 
inappreciable.  We  must  remember  that  in  summer  the  wind  velocity 
is  largely  diminished,  that  is,  about  30  per  cent,  less  than  in  winter, 
but  the  more  potent  influence  would  seem  to  be  the  effect  of  the 
earth's  heat  upon  the  wind  before  it  reaches  the  thermometer. 

Tablk  VL — Temperature  and  wind  from  1876  to  1877. 


Juniary. 

Febrtiary 

March 

April 

may 

Jane 

July 

August 

September 

Octolier 

NoTeniber 

December 

Year 

Gold  months..  .. 
Medium  months 
Hot  months 


N. 


25-5 
31-4 
28.6 

41.8 

47-3 
58-3 

66.1 
66.8 
59-0 
47.6 
40.8 
37-2 

45-9 

30-7 
44.4 

62.6 


NE. 


29.0 

30-5 
25.6 

43-3 
47.1 

59-5 

69.2 

67.8 

63-9 
54-3 
41-5 
36.6 

47-4 
30' 4 
46.6 
65.1 


E. 

SE. 

S. 

sw. 

W. 

0 

0 

0 

0 

0 

30.0 

30-5 

31.0 

26.6 

15.7 

34- 0 

33-0 

35-2 

24.1 

22.1 

34-3 

42.9 

44-7 

29.2 

30*2 

44.1 

48.2 

55.9 

45-8 
65.1 

46.6 
62.9 

54-0 

59*2 

66.9 

63.6 

66.5 

71.6 

69-3 

68.0 

696 

72.0 

78.3 

78.4 

74.2 

71.3 

71.4 

^•^ 

73-2 

71.7 

63-3 

66.6 

65-3 

57- 0 

51-5 

53- 0 

45-1 

52.3 

46-3 
32.6 

43-7 

41.8 

42.5 

40.3 

37-7 

38-3 

38.2 

35-1 

25-1 

49.8 

51-9 

55-1 

50.4 

46.0 

34- 0 

36-4 

37-3 

28.8 

23-3 

4»-3 

50.6 

55-1 

50.9 

67.7 

67.0 

69.1 

73-0 

72.1 

NW. 


16. 1 

«9-9 
23*  I 
42.4 
55' o 

70.8 
69.8 

53-5 
44*3 
32.3 
26.2 


43' 3 
21.3 

3.5 
5.1 


t 


mAfacreA> 


Sepienfber: 


Cold  Months. 


JVoYvmSer', 


Warm  MonUis, 


Pig.  2. — TemptraiuTt  and  wind  rose,  1876-1877. 
In  addition  to  this,  the  problem  is  much  complicated  by  the  cloudi- 
ness, the  land  and  sea  breezes,  etc.    We  shall  see  that  there  i^  a  de* 
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cided  tendency  to  a  lake  wind  during  the  afternoon  in  summer  while 
there  is  a  land  wind  during  the  night.  In  the  summer  also  only 
about  40  per  cent,  of  the  sky  is  clouded,  and  the  clearest  skies  are 
during  the  night,  the  result  is  that  a  land  wind  is  cooled  off  a  great 
deal  by  the  strong  radiation  to  the  clear  sky  and  this  tends  to  equalize 
the  temperature  between  lake  and  land  winds.  It  is  not  so  much 
that  the  lake  has  no  effect  during  the  hot  season  as  that  the  land 
wind  is  cooled  just  at  the  time  when  its  effect  is  greatest  upon  the 
temperature.  We  shall  see  a  little  later  that  both  these  causes  tend 
to  keep  the  summer  temperature  down,  and  the  diurnal  range  is 
about  the  least  of  any  station  in  this  country  east  of  the  Rocky 
Mountains.  During  the  highest  temperatures  experienced  there  is 
not  the  least  doubt  that  a  shift  of  wind  to  the  lake  cools  the  air  most 
markedly. 

This  question  is  of  so  great  importance  that  it  has  been  deemed 
wise  to  make  a  second  computation  during  the  period  1884-1886. 
Table  VII  exhibits  these  results.  Here  again  we  have  the  same 
general  results  that  we  had  before.  A  marked  effect  in  the  cold 
months  but  hardly  any  in  the  medium  and  warm  months. 

Table  YH,— Temperature  and  wind  from  1884  to  1886. 


Janaary..  ..•.••• 

February 

March . . . 

April 

Muy 

June 

July 

August 

September 

October 

November 

December 

Year 

Gold  months  .... 
Medium  months 
Warm  months  . . 


N. 

NB. 

E. 

SE. 

8. 

8W. 

w. 

o 

0 

0 

0 

0 

0 

1 
0 

26.2 

27.0 

27.9 

34-2 

27.2 

19.0 

"•3 

38.7 

^'l 

30.3 

36.0 

30.6 

21.3 

16.7 

30.5 

26.6 

39-3 
47.6 

45- 0 

42.9 

35*2 

3^5 

40.5 

42.0 

U 

61.2 

52- 5 

43.7 

48.9 

53-7 

55-7 

63.8 

60.6 

53-3 

57-7 

61.7 

64-5 

68.1 

74.6 

73-3 

74.0 

65.6 

66.8 

70.7 

75-3 

75-5 

76.7 

73-6 

65.2 

68.7 

67.1 

72.0 

75-4 

73-7 

69-5 

60.3 

66.8 

66.1 

64.9 

72.6 

60.1 
SB.  5 

64-3 

52*0 

53*0 

58.7 

59-3 
44- » 

58.6 

48.7 

39-9 

38. 1 

43.9 

46.4 

41.1 

34-6 

35-2 

33-6 

30.3 

34-6 

38-2 

26.2 

22.  T 

45-9 

IZ'l 

50.1 

54-2 

55-6 

50.6 

45-2 

30.1 

28.6 

31.9 
53-8 
64-5 

37-4 

34-7 

254 

20.4 

4A.2 
59-4 

50.5 
03.2 

09.0 

59-7 
72-3 

55-3 
71-3 

g:J 

NW. 


18.3 

22-3 

30.I 

38.7 

60.2 

69.7 
65-5 

55-5 
49-5 

42.7 

22.2 

61.7 


COMPARISON   BETWEEN    CHICAGO   AND   INDIANAPOLIS. 

The  second  method  of  determining  the  lake  influence  would  be  to 
compare  with  some  station  off  from  the  lake;  for  this  purpose 
Indianapolis  has  been  chosen,  as,  on  the  whole,  the  best  at  which  we 
have  regular  observations.  The  years  1882-1886  were  taken  and  the 
months  January,  May,  and  July  as  typical  months.  Here  the  lake 
influence  comes  out  very  plainly.  In  Pig.  3  we  see  that  in  January 
the  full  black  curve  for  Chicago  goes  beyond  the  dotted  curve  for 
Indianapolis  for  lake  winds  while  it  is  inside  for  land  winds.  In 
May  and  July,  on  the  other  hand,  it  is  wholly  within  the  dotted  curve. 
It  should  be  noted  that  a  part  of  this  effect  is  probably  due  to  the 
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more  southerly  latitnde  of  Indianapoiia.  Also  it  appears  that  May 
is  hardly  a,  medium  month  in  a  comparison  between  air  and  water 
temperatures,  for  the  latter  is  7,5**  below  the  air  in  May,  so  that  a 
strict  comparison  between  May  and  medium  months  can  not  be  in- 
Btituted.  In  fact,  on-turning  to  Fig,  2,  we  see  that  the  May  wind  rose 
shows  a  marked  infiuence  of  the  lake  wind  in  cooling  the  air,  and 
this  serves  to  corroborate  the  present  result  in  Fig.  3  for  May. 
TiBLK  Vm.— Temperature  and  wind  from  1882  to  1886. 

CHICAGO. 


N. 

NE. 

"• 

j     SE. 

S. 

sw. 

w. 

»w. 

2; 

if 

70! 

'^5 
7J.7 

ii 

it 

B 

. 

r 

INDIANAPOLIS. 


i:! 

7S^I 

74-9 

n 

36.S 
65.9 

77.* 

1! 

56.J 

Fio,  S. — Tempsralure  and  vind  rote,  Ckieago  and  Indianapoh 


In  order  to  fully  check  and  also  to  extend  these  comparisons,  I 
have  made  a  similar  determination  for  another  office  in  Chicago,  and 


f^ 

^_ 

1^ 

y 

(^h 

OiiCMf, 

\^^ 

JSMftw, 

p* — 

Fio,  4.— I%mp«rattire  and  wind  rote,  Ohieago  and  Indiaatgwlii,  I 
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the  period  1887-1889.  Table  IX  shows  these  results,  and  the  corre- 
sponding wind  roses  will  be  found  in  Fig.  4.  We  see  the  same  effects 
for  May  and  July  as  before,  and  in  October  the  lake  influence  begins 
to  make  itself  felt  in  slightly  warming  the  air. 

Table  IX,— Temperature  and  wind  from  1887  to  1889. 

CHICAGO. 


April 

Hay , 

Jane 

July 

Angast . . . , 
September 
October. .. 

April 

Mjiy 

June 

July 

August . . . , 
September 
October.... 


N. 

NK. 
0 

E. 
0 

SE. 

S. 

SW. 

w. 

0 

o 

0 

0 

0 

38.4 

40.1 

41.2 

47-6 

60.5 

55-3 

48.0 

50.0 

m 

61.4 

§•3 

57-2 
07.2 

70.0 
75-2 

60.7 
72.8 

SS.8 
68.8 

69.7 

73-9 

719 

79-1 

80.0 

79-7 

69. 1 

66.1 

69-3 

71.4 

72.4 

75-3 

73-2 

55-5 

61.1 

64-5 

65.7 
52.8 

647 

63-3 
49-6 

^11 

48.1 

47-7 

50.1 

57-4 

48.8 

INDIANAPOLIS. 

46 

47 
68 
68 

75 

76 

77 

79 

69 

71 

-73 

60 

64 

63 

44 

46 

47 

1 

NW. 


47-2 
51-3 
67.4 
75-0 
66.7 

53-8 
45-6 


74 
80 

68 
54 


61 

69 

2 

2 
76 
65 
59 


I 


60 

52 

66 

6t 

75 

70 

82 

81 

78 

z* 

71 

69 

56 

50 

48 

57 
69 

78 

73 
61 

48 


GENERAL  INFLUENCE   OF   THE    LAKE    UPON   PRECIPITATION. 

The  question  of  a  general  or  more  or  less  permanent  effect  of  the 
lake  on  rainfall  is  not  now  considered,  this  would  demand  a  special 
investigation  at  a  large  number  of  stations  about  Chicago'.  It  would 
appear,  however,  that  the  Chicago  snow  and  rain  fall  exceeds  in 
winter  that  of  nearly  every  Weather  Station  anywhere  near  it.  In 
the  hot  months  stations  in  the  Mississippi  Valley  show  a  slightly 
greater  rainfall.  The  Chicago  precipitation  exceeds  that  of  Mil- 
waukee during  nearly  every  month.  It  should  be  borne  in  mind  that 
this  question  of  the  permanent  influence  of  the  lake  is  very  much 
complicated  by  the  effect  of  the  winds  as  they  blow  off  the  lake. 
This  question  can  be  settled  quite  readily  in  the  same  way  it  was 
•done  for  temperature. 

INFLUENCE    OF    LAKE   WINDS   ON    PRECIPITATION. 

I  have  determined  the  proportional  tendency  of  rain  with  each  wind 
for  each  month  in  the  year,  as  given  in  Table  X.  Fig.  5  exhibits 
every  other  month  of  this  table  in  graphic  form.  It  is  easy  to  see 
what  a  marked  influence  the  lake  winds  have  upon  winter  precipita- 
tion. In  the  medium  and  warm  months,  however,  this  influence 
almost  disappears,  that  is,  so  far  as  the  winds  are  concerned,  there  is 
nearly  the  same  tendency  of  rain  with  land  winds  as  with  those  from 
the  lake.  It  is  certain  that  the  lake  winds  will  have  more  moisture 
in  them  than  those  from  the  land.    The  cause  of  the  less  precipitation 
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in  the  warm  months  is  not  far  to  seek.  At  the  time  of  the  lake 
breeze,  which  is  relatively  cool,  the  air  above  the  land  surface  is 
slightly  warmer  and  the  tendency  is  to  diminish  the  relative  humidity 
of  the  lake  wind,  so  that,  even  if  the  lake  breeze  were  saturated,  that 
condition  would  be  very  quickly  changed  to  one  of  more  or  l^s  dry- 
ness, and,  from  the  very  coolness  of  the  air,  there  would  be  less 


January. 


T 


%Jlfurt^ 


J€a. 


J^^^vicn 


UIO»rtm^^r-* 


r^aPL 


C^id  J€on.iAA, 


ffigfm  Afonihe. 


Fio.  6. — RdcUive  tendency  of  rain  toUh  each  toind- 

chance  for  rainfall.  This  is  a  very  important  principle  to  be  borne 
in  mind  in  forecasting  precipitation  with  a  lake  wind.  If  this  wind 
is  warm  and  blows  upon  land  which  has  a  lower  temperature,  there 
will  be  a  tendency  to  precipitation ;  but  if  it  is  relatively  cool,  the 
heat  of  the  land  will  tend  to  dissipate  the  moisture.  This  principle 
will  serve  to  explain  the  rather  singular  diminution  in  the  amount  of 
clouds  at  Chicago  during  the  warm  months. 

.  Table  X. — Relative  tendency  of  rain  with  each  windy  Chicago. 


Months. 


CUd. 

January , 

Kebmary 

March 

October... .......... 

NoYember ..;. 

December '. 

Mean ......... 


N. 


056 
049 


063 
038 

.055 


NE. 


•039 
.044 
•045 
•045 
.047 
.052 

•045 


E. 


SE. 


•034 
.047 
.056 

•033 
.023 

.058 
.042 


.038 
.023 

■  030 
.040 

■  056 
•057 

.041 


22 


CLIMATE  OP  CHICAGO. 


Table  X,-^Belative  tendency  of  rain  with  each  wind,  Chicago— Conimued. 


BSonth. 


Iritirfft* 

April , 

«»y-v 

Jane.... , 

July 

August , 

September , 

Mean , 

Year , 

Cold  montha , 

Medium  months .  • . , 
Hot  months , 


N. 


.032 
.046 
.047 

•057 
.040 

>038 
045 


•  050 

•oi5 
055 

•  0!SO 


NB. 


044 
.069 
.041 
.031 

.035 


•043 

045 
>o4o 

.044 


E. 


.039 

•034 
.039 
-065 
.0x4 
.035 

•  036 


•039 

.049 

030 

-038 


BE. 


.03I 

>oas 
.040 
•040 
.041 
.019 

•031 


•  036 

•037 

034 

•037 


■  030 
.037 

•  063 
.043 

•  036 
>033 

<^ 


•  039 

•  030 
•033 

■045 


8W. 


.035 

•  033 
.043 

•  037 


.035 


1 037 
.017 
.031 


W. 


Oil 
.019 

.041 
.035 

045 
■053 

039 


NW. 


>o30 
.013 
.043 
.<Q5 


>OIO 


•  097 

.^34 


033 


HEAVINESS   OF   PRECIPITATION   WITH   EACH   WIND. 

The  questiou  arises :  Are  the  lake  winds  likely  to  give  a  heavier  fall 
of  rain  during  a  storm  than  the  land  winds?  Table  XI  exhibits  pre- 
cipitation by  months  according  to  the  amount  of  rain  falling  at  any 
observation.  It  will  be  seen  that  rains  up  to  1.00  inch  show  very 
slight  influence  from  the  wind  direction.  Above  1.00  inch,  however, 
there  seems  to  be  a  tendency  for  the  heavier  rains  to  come  with  the 

lake  winds. 

Table  XL^Rain  with  different  winds,  Chicago. 


Month. 

0  to  .35  inch. 

.36  to  .< 

50  inch. 

N. 

NE. 
.04 

.07 

8£. 
.09 

8. 
.06 

8W. 
•04 

w. 

.04 

NW. 
•04 

N. 
•17 

NE. 
.18 

E. 
•X7 

SE. 
•17 

S. 
.16 

8W. 

w. 

NW. 

January  

•07 

.30 

•14 

•«3 

February 

•04  >  .05 

■.^ 

•05 

.04 

.05 

•05 

.04 

.18 

.17  !  .30 

.31 

•14 

.16 

.14 

•14 

March 

•03  1  -05 
.04     .06 

.04 

:S 

:S 

•04 

•03 

.16 

.16       .33 

.30 

•17 

.17 

•14 

.31 

April 

May 

•05 

•05 

.06 

.03 

.18 

.18  ,   .30 

•  14 

.19 

•17 

.19 

.17 

•05  1  .05 

•05 

•05 

:S 

•05 

•05 

.06 

.19 

.18   1   .16 

•  17 

.30 

.19 

•14 

•»5 

June 

.05     '04 

■05 

.04 

•05 

•05 

.06 

■17 

.18  ,    .16 

.30 

.19 

.30 

.33 

•15 

July 

.05     .04 

•04 

•05 

.04 

•05 

•03 

•95 

.19 

.19       .17 

.16 

.31 

.18 

.18 

August 

.03     .04 

•03 

•05 

.06 

.04 

.04 

•05 

.19 

•19 17 

.19 

.18 

•  31 

September  .... 

:2  :S 

.00    .06 

•05 

•05 

:S 

•05 

.04 

.04 

•24    

•34 

.21 

.30 

.x8 

.30 

October 

•03 

.07 

•05 

•03 

.04 

.19 

.21     .30 

•17 

•17 

.lb 

.18 

.31 

November 

•07 

:S 

•05 

•05 

•03 

•04 

.30 

•17    

.18 

.16 

•17 

.31 

.ao 

December 

•05 

.05 

•05 

.04 

•03 

.03 

•03 

•17 

.16     .19 

.19 

.18 

.19 

.16 

.16 

Mean  • .  *  ■ 

•05 

•05 

•05 

•05 

•05' 

•05 

.04 

.04 

.18 

.18     .19 

.18 

.18 

.z8 

.16 

.18 

Month. 

.50  to  i.oo  inch. 

Above  I.oo  inch. 

N. 

NE. 

E. 

SE. 

8. 

sw. 

w. 

NW. 

N. 

NE. 

£. 

SE. 

S. 

SW. 

W. 

NW. 

.lannarv 

.27 

.38 
•33 
•33 
.•30 

•34 
.30 

•29 
•32 

•34 

.40 

•33 

.«5 

Februarv ...... 

•30 

•37 
.39 

•43 
.41 

•37 
.41 

•45 
■37 
•30 
•43 

-38 

•31 
•35 
.30 
•34 

•34 
•39 
•32 
•35 
•31 
.40 

•34 

.39 

•33 
•39 

•42 

•33 
•25 

.68 
.69 
.60 

1.49 
•50 
•52 

•  •  •  9"*^ 

March 

•25 
•30 
.37 
.32 

•27 
•37 
•35 
•39 

•33 

.46 
•44 
•27 
•35 

.40 

•31 
.40 

*.*36' 

.36 

•43 
.41 

•34 

•32 
•31 
•33 

.36 

•37 

:i 

•31 

•39 

.42 
•32 

•59 

•59 

Anril ....... 

B^y 

June........... 

•72 

i.'ii' 
•84 

1. 01 

.83 
•52 

.80 
.61 

•79 

.61 
..... 

•55 

.70 

.69 
'.'61 

July 

August 

September  .... 

October 

November 

Uecember 

.78 

•55 

Mean ...  • 

•34 

•35 

.82 

.78 

•75 

.70 

.66 

•72 

•S9 

.78 
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IKFLDEKCE  OF  THE  LAKE  UPON  DEW-POINT  AND  BELATIVB  HUMIDITY, 

The  dew-point  and  relative  humidity  for  7  a.  m.  and  3  p.  m.  during 
January,  May,  and  July  of  the  years  1882-1886  at  Chicago  and 
Indianapolis  were  computed,  and  are  given  in  Table  X^  and  shown 
graphically  in  Fig.  6.    The  dew-point  for  July  shows  a  slight  increase 


Fio.  6. — DtK-point  and  rdative  lutmiditj),  wUh  each  wiud,  Chicago  and  IndianapolU. 


with  a  lake  wind,  but  the  most  marked  effect  is  produced  upon  the 
relative  humidity,  especially  at  3  p.  m.,  during  May  and  July,  in 
which  months  the  relative  humidity  at  the  two  stations  is  69  and  51 
per  cent.,  respectively,  in  May,  and  67  and  45  per  cent,  in  July. 
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Table  XII. — Dew-point  and  relative  humidity  with  different  VfindSy  1882,  1883,  1884, 

1886,  and  1886. 

CHICAGO. 


January,  7  a.  m. 

May,  7  a.  m 

3P->» 

July,  7  a.  m 

SP-m 


January,  7  a.  m. 

3  p.m. 

May,  7  a.  m 

-   ,     3P'n 

July, 7  a.  m 

3P.n» 


12 
18 
42 
43 
57 
57 


76 

71 
72 

51 
75 
50 


18 
22 
42 
46 

57 
57 


69 
51 
73 
45 


E. 


SE. 


S. 


0 

* 

22 

83 

22 

78 

42 

76 

41 

55 

61 

76 

59 

6r 

19 
25 

46 

48 

62 
61 


51 

79 
71 
70 

57 
77 

57 


23 
20 

49 

53 
61 

64 


INDIANAPOLIS. 


20 


57 


82 
66 

48 

71 

41 


27 

28 

49 
48 

61 


90 

73 
72 

49 
76 


61  I  47 


24 

21 

53 
52 
65 
65 


* 

83 
64 

70 

55 
76 
59 


84 

69 

79 
53 


SW. 


15 
13 
46 

49 
61 
61 


20 
21 

51 

54 

65 
66 


83 

73 
70 

50 
72 
48 


75 
47 
79 
53 


W. 


o 

4 
14 
40 


60 


f 

79 
73 

46 

75 
52 


63 


81 

67 
76 
51 
79 
50 


NW. 


10     83 


II 
40 
43 
55 
57 


XI 

17 
41 
44 

58 
57 


7» 
73 

70 
56 


78 
68 
70 
47 
75 
45 


LAKE   AND   WIND   VELOCITY. 

Table  XIII  contains  the  relative  number  of  hours  ot  wind  from 
each  direction  with  the  mean  velocity  for  the  years  1890  and  1891, 


IVar. 


Cold  MonVu. 


Jl^ijrgmAer', 


WarmJUnehs 


%^  ffJiour* ^ ^...   Velocify'. 


JO  If  ours  m  />« » 


Fig.  I.—  Wind  roses  for  1890  and  1891  {Auditorium). 

and  Fig.  7  presents  each  second  month  of  the  same  in  graphical  form. 
The  dotted  lines  in  this  figure  contain  the  same  kind  of  data  that 
Fig.  1  exhibits,  except  that  here  they  are  for  only  two  years,  while  in 
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Fig.  1  are  the  records  for  18  years.  A  remarkable  agreement  will  be 
found  on  comparing  these  wind  roses.  It  will  be  seen  from  Fig.  7 
that  the  general  tendency  is  for  a  greater  velocity  with  northeast  and 
southwest  winds,  and  this  was  to  be  expected,  for  it  is  in  the  north- 
east direction  that  the  greater  lake  surface  extends,  and  this  would 
assist  the  wind  because  of  less  friction  in  these  two  directions.  It  is 
to  be  noted,  however,  that  in  addition  to  the  lake  influence  there  is 
pretty  good  evidence  of  a  general  tendency  all  over  this  part  of  the 
country  for  the  winds  to  assume  these  directions,  as  well  as  a  slightly 
greater  velocity  from  them.  This  seems  to  be  a  well  defined  law,  and 
while  the  southwest  wind  may  be  accounted  for  from  the  fact  that  it 
is  in  the  direction  of  general  currents,  the  northeast  wind  cannot  be 
so  accounted  for  and  demands  still  further  investigation,  and  one 
that  would  seem  to  be  of  much  importance. 

Table  XTtL — Hours  and  aoerage  miles  from  ea<:h  direction^  1890  and  1891. 


Months. 


JaniMry 

Febriuiry 

March 

April 

May 

Jane .' 

July 

Augast 

September , 

October 

NoTember 

December 

Year 

Cold  months 

Mediam  months  . . . , 
Warm  months 

Months. 

January 

Febraary 

March 

April 

Miy 

June 

July 

Aagust , 

September 

October 

November 

December , 

Tear , 

Cold  months 

Medium  months ..., 
Warm  months , 


N. 


Bdun. 
46 
45 

7^ 


^ 


58 
50 

57 
47 
74 
SI 


MiUs, 
12.3 
i^.o 
16.0 
18.3 

15-5 
13-3 

17. 1 

14-3 
14.9 

»5-5 
17.6 
17.6 

15-7 
15-5 
ZO.7 
14. 9 


NE. 


Hows, 
46 
80 

145 
an 
207 
155 
152 

X47 
143 

6a 

za6 

83 
145 
149 


15-3 
17.2 

ai.8 

19.7 

19.  T 

14. 8 
17.6 

18.0 

15-7 
ao.3 
19.4 

18.5 

10.5 
18.7 
16.5 


B. 


JJoura. 

47 
a8 

76 

73 

33 

94 

§ 

63 
42 
19 
17 

50 
43 

42 
68 


9-5 
Z6.4 
17.0 
16.  a 
ia.9 
ia.2 

iz.o 
10.8 
13-4 

13-2 

13-8 

Z8.4 

13-7 

17-3 
Z4.0 

ZZ.9 


SB. 


HOUTB. 

6z 
67 
89 
85 
77 
za3 

Z04 
zzo 

90 
90 

53 
93 

87 
Z07 


MUes. 
Z0.0 

Z4.8 
Z3.6 

"■5 
ZZ.8 

r.g 

za.8 
Z4.0 
z6.6 
z6.8 

za.9 
Z5.8 
Z3.6 
Z0.8 


Hours, 

65 
70 

38 

?i 

6a 

66 
6a 

84 
ro 

"3 
7a 
71 

69 


I 


MOM, 
za.4 

19-3 
aa.o 
Z9*6 
Z7.a 
Z4>6 

Z4.6 
Z3.8 
Z5.6 
z6.z 
Z8.9 
z8.8 

17.  a 
20.0 
z8.o 

U-7 


SW. 


Hours, 
z88 
131 

150 
loz 

155 

X30 

Z7Z 

:g 

195 

143 
153 
137 
139 


IftZst. 
Z5.4 
az.7 
33.6 
35.2 

3Z.O 
Z7.O 

Z8.4 

;i:J 

az.o 
30. 7 
34.  z 

30.3 
2Z.8 
22.0 
Z7.9 


W. 


Hours, 

Z04 

Z03 

84 

57 

46 

38 

78 

150 
zoz 

79 


53 


MOm, 
zg.a 
20.0 
z8.o 
Z6.4 
z6.2 
Z3.8 

13-7 
14.0 
Z7.8 
16.0 
z8.6 
17.8 

16.8 
18.6 
z6.8 
Z4.8 


NW. 


Hours. 

133 

94 

Z22 
46 

50 
38 

55 

74 

43 
112 
Z19 

ZOZ 

82 

ZZ2 
82 

53 


JfOet. 

13.8 

ao.z 

Z5-9 
z6.8 
z6.o 
za.4 

Z3.8 
Z3.0 
z6.o 

15-7 
17-3 
17-3 

Z5.8 
Z7.8 
Z6.5 
X3.8 


MEAN  VELOCITY  DURING  STORMS. 


It  would  be  interesting  to  ascertain  whether  this. law  holds  for 
winds  occurring  during  the  time  of  storms.  Table  XIV  has  been 
prepared  to  show  this  effect.    The  corresponding  wind  roses  (not  re- 
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produced)  show  a  similar  tendency  to  a  greater  velocity  with  soath- 
west  and  northeast  winds,  though  this  effect  is  not  as  marked  as  in 
Fig.  7,  possibly  in  part  because  the  winds  of  Fig.  7  were  all  observed 
on  the  Auditorium  tower,  and  for  £hat  reason  may  exhibit  such 
effects  more  clearly. 


Table  XIV.— Ifeon  vdocify  of  wind  during  rair^faU  according  to  direetion^  I872-*89. 


Janaary.  ........ 

February 

March 

April 

May 

June 

July 

August 

September 

October 

NoTember 

December 

Year 

Cold  months  .... 
Medium  months 
Warm  months  . . 


N. 


MOet. 

ii'i 

8.8 

14. 1 

13.2 
13.4 
10.7 


9-4 
II. I 
li< 
Il< 

9- 

9' 

10.0 
10.8 
I1.7 
10.6 


I 

'4 

7 
.0 


NB. 


MUet. 
12.5 

12.  Z 

13.  I 

II.5 
12.4 

.7-7 

7-9 

9-4 

XI. o 

"•5 
13-8 
"•5 


"•3 
12. 

12. 

9.0 


1.6 


E. 


MUet. 

8.1 

xi.o 

XI. 6 

13. 0 

9.1 
7a 

7.2 

7.6 

ZO.Z 

6.9 

7.8 

ZO.O 

9.1 

Z0.3 
».o 
•o 


I 


BE. 


MUm, 
8.6 
9.1 
Z0.7 
8.6 
8.Z 
5-8 
6.6 

6.5 
9.0 

8.0 

Z0.3 

8.4 

8.3 

7.0 


MtUt, 

8.1 
Z0.3 
10.6 

8.7 

7.7 
8.0 

8.7 

zi.o 

9.4 

9-4 

9.0 
9.2 


SW. 


MOet, 

13.7 

ZI.8 

ZI.8 

X0.6 

9.8 

9-5 

8.3 

Vi 

X3.0 
IX.3 
XI.7 

10. 4 

X3.0 

10.9 

8.4 


JfUsc 

II. o 

Z3.6 

Z3.I 

tl 

7.3 

6.6 

9.0 

10.3 

II.O 
XO.S 

9-7 
11.7 
10.0 

7-3 


NW. 


MUm, 
fo.4 
9-9 

10.5 
S.7 
S-5 

7-1 

S.I 

9-7 
xi-5 

a-7 

9-3 
zo.  I 

Z0.1 

7.6 


LAND  AND  LAKE  BBEBZEB. 

Hourly  observations  of  the  velocity  and  direction  of  the  wind  have 
been  made  for  a  number  of  years,  and  these  will  enable  us  to  de- 
termine quite  accurately  the  occurrence  of  land  and  lake  breezes. 
The  existence  of  such  breezes  was  demonstrated  a  good  many  years 
ago.  One  of  these  investigations  will  be  found  in  Signal  Service 
Note  VI,  p.  19,  prepared  in  1833.  The  illustration  giving  the  hourly 
wind  direction  as  computed  by  Lambert's  formula  for  the  months 
June-September,  1882,  is  here  given  in  Fig.  8.  Table  XV  contains 
hourly*  wind  directions  for  1884,  1889,  1890,  and  1891,  and  the  last 
six  months  of  1888,  and  Fig.  9  is  a  graphic  presentation  of  a  portion 
of  this  table. 

Table  XY.—Hourljf  vrind  directions. 


Tear  and  monthi. 


JanoAry. 
February 
March.  .. 
Aoril  .... 

May 

June 


July 

August .... 

September 

October.... 

NoTember. 

December. 


X884. 


«4. 


o 

8  83W 

888W 
n29W 
n27  e 
ni6w 

n54« 

ni7e 
8  390 
8   9W 

8  37  w 

885W 
844W 


o 
880W 
869W 
n34W 
ni8  e 
n43W 
075  e 

"33^ 
8   30 

8  l6W 

B49  w 
886W 

857W 


■  75W 

n84W 
n33W 
n  90 
n37W 
1173  e 

nsjw 
878W 

8  lOW 

856W 
886W 
863W 


886 
n46 
ni3 
065 
n83 

1134 
8  40 
8  15 

•54 
879 

•73 


w 

e 


■73 
n86 

n  7 
1165 
n79 

n35 

8  40 
8  It 
8« 
8  81 

•77 


w 
w 
w 

e 
w 
e 


o 

•  85W 

1186W 

n36w 

0190 

nb3^ 
1149  e 

n43W 
831W 

■47W 

BMW 

•  78W 

•  74W 


889W 

n78w 
ni9W 

11366 

878W 
11366 

n38w 
•53W 

8  T7W 
86aW 

876W 
•  7IW 


o 
B89W 

II74W 

n  aw 
n36  e 

■  89W 
039  • 

n3i  w 

■  60W 

8  low 

■  SB  w 
•  69W 


•The  lioan  are  ooonied  from  i  to  34*  14  beiqg  midnighl. 
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Table  XV. — Hourly  wind  {2trec^toiu— Continued. 


Tear  and  months. 


1884. 

Jannary , 

Febraary 

March , 

April 

Bay 

June , 

July 

August 

September , 

October.. , 

MoTember , 

December , 


0 

888W 

dtSw 

n  ae 

n  10  e 

889W 

047  « 

n46w 

870W 

8  20W 

stew 

878W 

86qw 

o 
887  w 
n75W 
n  se 
nai  e 
n75W 
040  e 

n39W 
B45W 

8  21  W 

S67  W 

874W 

867  W 


xa 


o 
886W 
071  w 
n  ge 
naoe 
n62  w 
n34e 

ni6e 
850W 
8  39W 
867W 
875W 
876W 


XX. 


o 

880W 
889W 
11696 
0296 
ni3W 
11396 

11240 
U2oe 
8  20W 
877W 
n89W 
874W 


X3. 


O 
877W 

1162  w 
n63e 
n29  e 
n  4W 
11376 

n63e 
n37e 

84bW 

884W 
879W 

872W 


X3. 


14' 


872W 
S52W 
na9e 
029  e 
ni7  w 
11366 

074  « 
n43  6 

S28W 

B79W 

S79W 

S44W 


15. 


8  70W 
SSIW 

ni7  6 
11296 
n  3W 
0386 

0766 
0626 
S23W 

8  70W 

875W 

848W 


Tear  and  months. 


ii84' 

Febroflkry !*.!!!! 

Bfarch 

April 

May 

June 

July 

August , 

September , 

October 

Norember , 

December 


16. 


870W 
887W 
nijr  6 
11326 
n  3W 
035© 

n75  0 

0450 
8  14W 

871  w 

875W 

•  58W 


X7. 


o 
S67W 
n39W 
n  2W 
nwe 
0846 
n326 

n326 
n6i  6 
8  14W 
851  w 
862  w 
stew 


18. 


o 

865W 

n  9W 

n84e 
nix  6 

naoe 
n686 

»   3^^ 
830W 

867  w 

864W 


19. 


o 
880W 
n48w 
n24W 
0436 
073  « 

n206 

n246 
n72  6 

8     26 

841  w 
882W 
8  6x  w 


ao. 


o 
880W 

073^ 

n28w 
n24  6 

8866 

nase 

n30  6 
n586 
846 

832^ 
883W 

856W 


SI. 


o 

879W 

n85W 
n29W 
nise 

8686 

naoe 

n23e 
n72  6 

8     26 

836W 
s^w 
859W 


03. 


O 
878W 

n85W 
naow 
n25e 

8866 

n4ae 

na3  6 

079® 
8   aw 

839W 

884W 

•  tew 


23. 


879W 
n83W 

na^e 
8366 

049® 

n276 
S776 

8    7W 
■  5»W 

S85W 
»53W 


Tear  and  months. 


1888. 
July 

August 

September , 

October 

November , 

December , 

Tear  and  months. 


24. 


o 

0836 
851  w 
8306 

8  70W 
885W 
■73W 


O 
871  6 

«75W 
«  13W 
867W 
886W 
880W 


o 
S336 
nSaw 
846W 
stew 
S86W 
871  w 


o 

•  546 
sSow 
842W 
863W 
n88w 
875W 


o 

8  37« 
S67  w 

842  w 

865W 
878W 
S72  W 


837* 
871W 

838W 

869W 

878W 

874W 


o 

8 
850W 

835^ 
863W 

882W 

876W 


O 

S71  e 
stew 
832W 
873W 
885W 
8  8xw 


x888. 

July , 

August 

September 

October 

NoTember , 

December , 


8. 


o 
8496 
832W 
854W 
863W 
885W 
S77W 


o 

8  146 
851  6 

n»3W 
873W 
883W 
S67W 


xo. 


o 

8  75« 
«34W 
n7ow 

BMW 

n8i  w 
B66W 


IX. 


o 

8  78  6 

nSa  w 
n59W 
<i47W 
n76w 
s66w 


xa. 


o 

n59« 
8326 

n45  0 
857W 
n52W 
859W 


13. 


o 

n6a6 
8596 
n49e 
8  4a  w 
nsow 
866W 


14. 


o 
n696 
8636 
nsoe 
879W 
n35W 
863W 


I5« 


o 

nsie 

079® 
U51  6 

845W 

nx6w 

S55W 


Tear  and  months. 


X888. 

July 

August , 

September 

October , 

NoTember ..., 

December 


16. 

17- 

18. 

19. 

aa 

ax. 

aa. 

0 

0 

0 

0 

0 

0 

0 

n4ae 

045© 

n776 

n66e 

n646 

0836 

8  Igw 

6 

n65e 

naae 

8  45« 

8136 

8  a4e 

8 

ntee 

nsSe 

n79e 

S  IO6 

8836 

8386 

S 

886W 

n45« 

8 

8  8aw 

871  w 

885W 

872W 

n4i  w 

•  63W 

D35W 
864W 

nsSw 

n66w 

n72  w 

n75W 

nSow 

B67  w 

873W 

870W 

B74W 

875W 

•3- 


o 
S846 
828W 
823W 
869W 

075^ 
875W 
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Table  XV. — Hourly  wind  diredioT^ — Continaed* 


Tear  and  inonth8. 


X889. 

January 

febniary 

March 

April 

May 

June 

July 

August 

September 

October 

-NoYember 

December 


24- 


o 

856W 
n72W 
n62  w 
877W 
SS4W 

8  II  6 

8  17  6 
8     9  W 
842  W 

n246 
884W 
858W 


o 

»54W 

nSi  w 

n75^ 
n77  6 

n63W 

860W 

8  i8e 
830W 
844W 
n  56 
883W 
853W 


a. 


o 
861  w 
nBi  w 
n6ow 
n  96 
n74W 
n66w 

S51W 
8  26  w 
860W 

n 
877W 
845W 


o 
861  w 
n85W 
n4iw 
n23W 
n69W 
8  41W 

830W 
•37W 
854W 
nww 
861W 
B45W 


o 

858W 
886W 
n4o  w 

nbow 
841  w 

847W 
847W 
843W 
n4ow 
865W 
»59W 


852W 
888W 
nsSw 
ni3W 

045  w 
843W 

•  33W 
846W 
850W 
n4ow 
874W 
■  60W 


o 

849V 
876W 
n2Sw 
n35W 
n34W 
849W 

•39W 
■53W 
858W 
ncaw 
n87W 
865W 


o 

865 
870 
n26 
0316 
ni& 
B67 

1% 

■53^ 

049^ 

877 
•59 


Year  and  month8. 


1889. 

January  

February  

March 

April 

May 

June 

July 

Auguat 

September 

October , 

November 

December 


8. 

9- 

za 

II. 

xa. 

0 

0 

0 

0 

0 

863W 

868W 

872W 

880W 

882W 

874W 
n38w 

876W 

883W 

866W 

887W 

n45W 

n58w 

ni6w 

nice 

n49e 

n22  w 

n56e 

n6oe 

n7a6 

n  4W 

n22W 

n47W 

nx4W 

n28w 

»55W 

n78w 

n32W 

n35e 

n  8e 

850W 

n82W 

n62e 

n8ie 

057* 

BJOW 

■53^ 

854W 

836W 

8    7W 

857W 

854W 

B70W 

874W 

876W 

n28  w 

ni3W 

n 

n  2  e 

naoe 

887W 

"85W 

S85W 

n86w 

nsSw 

870W 

8  72W 

860W 

•  56W 

871W 

»3- 


14. 


ni5W 

n726 

n 

■45^ 

nsi  6 
8246 
n  gw 
0136 
n42W 

•55^ 


o 
872W 
n86w 
n  I  6 
n646 
n  2W 
n65e 

nsoe 

8    76 

n45« 
034© 
n68w 

840W 


IS- 


o 

066W 
n8a  w 

071  e 

075  • 

■  81  e 

n34« 

•  i4e 

■  640 

«>33« 

1x52  w 

•  50W 


Tear  and  montlia. 


1889. 

January 

February 

March 

April..... , 

Miky , 

June 

July 

Auguat 

September 

October 

November 

December 


z6. 

17' 

z8. 

19' 

ao. 

az. 

aa. 

0 

0 

0 

e 

0 

0 

e 

865W 
n84W 
ni3e 
n8s6 

862W 
887W 
ni6e 

8866 

•  saw 
n87W 
n7ow 
n88e 

851W 
n&w 
n63w 
n796 

848W 
n87W 
n72W 
8746 

8  6Z  W 

n87W 
n  46 
B71  6 

asaw 

n83w 
njow 

8  62  6 

n846 
nsi  e 

n3i6 
ni5  6 

n54e 
n686 

n7i  6 
0896 

0526 

n86e 

045^ 
8776 

naoe 
8556 

n43« 
8466 

n3i  w 
nai  6 
naSw 

ns9e 

837© 
ni3W 

"35© 
035^ 

n68e 
8396 

8    96 

n57« 
n28w 

n78e, 

8  316 

8  196 
n746 
n33W 

n776 

8346 

8   56 
n^e 
n68w 

86q6 
8  176 

0570 
880W 

■54* 

8  Z46 

a  15W 
n676 
n88w 

«37W 

839W 

846W 

833^ 

836W 

8  4XW 

845W 

aj. 


nSgv 

035  «^ 

•45« 

075  • 
•546 

aaSe 

8  I  W 
8  Z4W 

n6o* 
n86w 
•45W 


Tear  and  montba. 


1890. 

January 

February 

March 

April 

Miiy 

June 

July 

Auguat 

September ......... 

October 

November 

December 


24. 


o 

884W 
881  vr 

8  71  W 

n84e 
w 

8    66 

8586 

8  196 

8  57« 
876W 

883W 

■  74W 


o 

a64W 

w 

w 

8866 
8    8W 

8 

a  10  6 
a  II  6 

8  506 

8  79^ 
B85W 

880W 


o 
872W 
n8i  w 
nsaw 
8826 
8  18W 

8    86 

838W 

a  176 
a  10  w 
877W 
nrSw 
•  83W 


874W 
n84W 
n6ow 

6 

a36w 

a 

830W 

a 

8  I3W 

88oe 
a83W 
887W 


o 

863W 
n45W 
ni9W 
8856 
ni8w 
8  20W 

839'' 

8  7  W 
835W 
8656 
880W 

n88w 


o 

870W 
886W 
ni9W 
886e 
n52W 
a  13W 

840W 
a  X5W 
835W 
8636 
880W 
n77W 


• 
a8ow 
888w 

n7o6 
n59W 
854W 

835W 

8«9W 

a  17W 
8646 
n87w 
n6x  w 


■S3W 
n86w 

047^ 

n73^ 

•  SOW 

•  asw 

■  i6w 

■  8w 

8596 
1183  w 

n65W 


TjXsd  atstd  lake  breezes. 
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FXBLB  XY. — Hourly  udnd  cUrectioni — Continued. 


Tear  and  months. 


1890, 

January 

Febraary 

Mareh 

April 

May 

Jane 

July 

Angpnt 

September 

October 

Novem  ber 

Ileoember 


8. 

9« 

xo> 

XX. 

xa. 

IS* 

X4. 

0 

0 

0 

0 

0 

0 

0 

842W 

845W 

8S9W 

843  V 

8MW 

883W 

845W 

832W 

856W 

879W 

871  w 

865W 

884W 

874W 

nsi  w 

861  w 

n78w 
n82e 

823W 

n7i  w 

n54W 

n32W 

n76o 
n83W 

n83  0 

0790 

n6i  e 

nsS© 
883W 

n57« 

883W 

w 

w 

■  45W 

857W 

865W 

824W 

825W 

8  13W 

8  xoe 

865© 

888© 

8  29W 

8  IIW 

8    2W 

8X0 

n79e 

8830 

867  © 

8  21  e 

8  14W 

8430 

8390 

n73© 

n78o 

nSt© 
048© 

8  20W 

8     4W 

8500 

855© 

n52© 

n48© 

867  0 

865W 

8^W 

8720 

n25  0 
876  w 

036© 
883W 

0450 
876W 

n87W 

n83W 

B82  w 

n65W 

n87W 

88OW 

877W 

n67  w 

n74W 

n6ow 

«s« 


85IW 

n85W 
n28w 
n63© 
nsSw 
880© 

8  69© 
n8i  e 
n66© 

n53« 
n8$w 

886W 


T«ar  and  months. 


1890. 

January 

Febrnary 

March 

April 

May 

Jane 

Jaly 

Augoal 

September..... 

October ..» 

November 

I>eoemb©r 


Tear  and  months. 


Toar  and  months. 


16. 


o 

861  w 

885W 

ni3W 
n6i  e 
s  29  © 
8  69© 

878© 
n79© 
nsi  © 
D38© 
B74W 

866W 


17. 


a 

860W 

w 
n  7W 

n57© 

w 
856© 

8  80© 

n88e 
n66© 
n36© 
S89W 
s86w 


18. 


871  w 
879W 
n22  © 
n7i  © 
827© 
851© 

886© 
879© 
n82© 
n22  © 
S79W 
869W 


19. 


o 
886W 
886W 
n  5W 
n66e 
8  18© 
858© 

885© 
8  •^  © 
n82  © 

8    2© 

s68w 
S87W 


20. 


o 

885W 
884W 
n68w 
n74© 

B34© 
858© 

■570 
847© 

n7i  © 

ni4© 

s66w 

883W 


21. 


e 
885W 
n82  w 
8  23© 
n72  © 
S50© 
851© 

856© 
S54© 
n82© 
n2i  © 
860W 
879W 


22. 


O 
S83W 
855W 
867  © 

n76© 

•55« 

837© 

872© 

8  42© 

n89© 

■  45« 

S71  w 

•  84W 


X89X 

JannM7 

Febraary 

March 

April 

May 

Jane 

July 

Aagast 

8ept©rob©r 

October 

NoTombor 

December 


34« 


o 

n82W 

877W 

837© 
n 

n86© 

865© 

845W 
8  81  w 

8  I8W 

866W 
863W 
B50W 


o 
8  8x  w 
872W 

© 
n32© 
ni3© 
8  70© 

845W 
886W 
a  low 
872W 
8  55W 


o 
nSsw 

866W 

n82© 
nsS© 
ni5© 
847© 

853W 
887  w 

815W 
873W 
■  78W 
837W 


o 

n84W 
874W 
887  © 
nil  © 
n72© 
87Z  e 

841  w 
877W 

8  24W 

n87W 
863W 
835W 


o 

865W 
865W 
n63e 
n32  w 
n56© 
n79© 

8  49W 
879W 
S36W 

n8i  w 
870W 
»33W 


o 
868W 
870W 
n47© 
n4ow 
ni8© 
n79© 

S56W 
870W 
S44W 

8  82  W 
869W 
831  W 


871W 
■  58W 

nsi© 
n44W 
n  4© 
n69e 

866W 
8  75^^ 

l^Z 

874W 
833W 


189X 

January 

February 

March 

April 

May 

Jane 

Jaly 

Aagust 

September 

0<^ber 

November 

December... 


8. 


o 

n86w 
861  w 

11750 
n32W 

nsi  © 

n72  © 

881  w 
n8i  w 

844^ 
875W 
n84W 
833W 


o 
881  w 

857W 

n79© 
ni8Q 
nje© 
883© 

nSiw 
851W 
854W 
865W 
8  75W 
828W 


la 


o 

n89W 
B59W 
n76e 
n22W 
nil© 
n85© 

045  • 
nSo© 
8  20W 
846W 
876W 
827  w 


zx. 


o 

w 
866W 
n64© 
n84W 

0350 
869© 

077© 
n69© 
8  29W 
845W 
856W 

8  22W 


12. 


n54« 
88oe 
8  8© 
881  w 
872W 

8  22W 


»3- 


o 
n88w 
■54W 
UM© 
n83e 
n6o© 
S84© 

n84© 
n69© 
8  22  © 
n49W 
888W 
8  19W 


H- 


0 

n65W 

845W 

0430 
n76© 

n63© 

nSx© 

n86© 

n83© 

830© 

n62W 

889W 

8  X9W 

23. 


o 

886W 
867W 
832© 
n76© 
8  16© 
8  24© 

nso© 
851© 
887© 
n45W 
881  w 
888W 


o 

B88W 

•54W 

D53« 
n39W 

nio© 

neo© 

887W 
887W 
853W 
8  72«r 
n88w 
»33W 


I* 


e 

n68w 

849W 
n550 

• 

n69e 
n72© 

886e 
8820 

832© 
n  6© 

B27W 
szxw 

so 
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Table  XV. — Hourly  toind  directions — Continued! 


Tear  and  months. 


z6. 


January. . 
February. 
March. ... 

April , 

May 

June 


X891. 


July 

August.... 
September 
October.... 
November  , 
December. 


o 
•  85W 

S  60W 

n66e 
8  87e 
n63e 

S88e 
sSae 
8  »oe 
863W 
s  3  e 
8  3W 


17- 


o 
S80W 
851  w 
n28e 
nyie 

8860 

nySe 

881  e 
n84e 

■35® 

»45W 

S40W 

8    3W 


XS. 


o 

856W 

8  6aw 
n45e 
n76e 
888e 
n86e 

8630 
nsye 
8  i8e 
883W 
876W 
•  15W 


19. 


0 

862W 
863W 
n32e 
nsoe 
886e 
8856 

B43« 

8626 
8  270 
880W 
851W 

8   aw 


M. 


O 
865W 
■75W 

n45e 
nToe 
8  850 
8830 

8  3oe 

8  47  6 
8     20 

881 W 

8  43W 
8  X4W 


ax. 


o 
863W 

8^W 

n450 
n67e 

8670 

8890 

8  3W 
■45« 

8  66 
874W 
865W 

8a9W 


22. 


O 
878W 
879W 
0740 

nSge 

8546 
8776 

8  56 
8  X5W 
8  XOW 
878W 

866W 

•  37W 


o 

■  a4ir 

8  76W 

nSse 

n74  0 

■  400 

8  8x6 
8    f  e 

85ftW 

8  lOW 
872W 
•  74W 
■  42W 


The  theory  of  these  winds,  and  one  almost  universally  accepted,  is 
that  during  the  day  the  land  surface  becomes  heated  considerably 
above  that  of  water  and  there  arises  in  the  afternoon  a  tendency  for 
the  air  to  flow  from  above  the  water  to  the  land,  while  at  night  the 
reverse  action  takes  place,  the  land  is  greatly  cooled  by  radiation  to 
space  and  the  air  tends  to  flow  in  the  contrary  direction.  This  view 
makes  the  winds  an  aspiration  effect,  and  this  is  known  to  be  not 
wholly  true,  since  on  the  shore  of  i^e  ocean  the  sea  breeze  is  seen  to 
create  a  ripple  first  in  the  offing,  and  this  ripple  gradually  approaches 
the  land. 

If  these  winds  are  merely  aspiration  airs,  we  would  naturally  ex- 
pect that  the  velocity  would  be  greatly  diminished,  especially  if  the 
land  or  lake  breeze  is  opposite  to  the  general  trend  of  the  wind,  for, 
in  one  sense,  such  a  breeze  would  have  to  first  overcome  the  ordinary 
wind  before  it  could  flow  at  all  in  an  opposite  direction.  It  is  to  be 
noted  that  these  land  and  lake  breezes  have  only  a  very  slight  dif- 
ference in  their  velocity. 

There  can  be  no  doubt  whatever  of  the  existence  of  marked  winds 
of  this  character  during  the  warm  months.  On  turning  to  Fig.  9,  we 
see  that  from  January  to  March  and  from  October  to  December  the 
general  trend  of  the  wind  is  from  the  west  to  east.  According  to  the 
ordinary  theory  the  land  does  not  change  its  temperature  so  as  to 
become  opposite  that  of  the  water,  but  always  remains  cooler  during 
the  cold  months,  and,  as  a  result,  the  ordinary  trend  of  the  wind  is  not 
changed.  During  the  remaining  months,  however,  the  land  and  lake 
breezes  are  very  marked.  There  is  only  one  apparent  exception,  and 
this  serves  to  emphasize  the  lake  influence.  It  will  be  seen  that  in 
many  of  the  warmer  months  there  is  a  well  marked  lake  breeze  at  all 
hours  of  the  day.  This  would  be  due  to  £he  fact  that  the  air  above 
the  lake  surface  continues  throughout  the  24  hours  slightly  cooler 
than  that  above  the  land.  The  greatest  interest  attaches  in  this 
question.  The  height  of  the  land  and  lake  breezes  above  the  surface 
of  both,  the  hours  of  change,  and  the  velocity  at  different  heightSi 
with  miany  other  questions,  are  of  great  importanoa. 
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Fio.  8.— Zand  and  lake  breexeSi  June-Sq>t€mber,  1882. 
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It  is  probably  safe  to  say  that  a  free  balloon,  if  descending  near 
the  center  of  the  lake  during  the  warm  eeaaon  and  in  the  afternoon, 
would  be  certainly  driven  landward  at  a  velocity  of  10  to  20  miles 
per  hour. 

These  are  the  principal  effect?  due  to  the  lake  influence  though 
other  minor  effects  will  be  noted  later  on.     \Ve  will  now  pass  to  the 


Fio.  9.—Lat%d  and  lake  breats. 
second  great  division,  or  the  general  and  average  conditions  of  the 
meteorologic  elements  and  the  sharper  fluctuations  brought  about  by 
the  passage  of  storms  and  high  areas,  warm  and  cold  waves,  etc. 

THE    PBESSUSE   OF   THE    AIR. 

The  moat  important  factor  determining  the  occurrence  of  storms, 
cold  waves,  and  other  weather  changes  is  what  is  commonly  called 
the  "  barometer  reading,"  or  "  barometer  "  for  short.  The  barometer 
measures  the  pressure,  or,  more  strictly  speaking,  the  weight  of  the 
air. 

The  greatest  advances  in  meteorology  have  been  made  by  compar- 
ing, after  they  have  been  reduced  to  a  common  plane,  the  readings  of 
barometers  at  stations  some  distance  apart  over  a  large  region.  In 
this  way  it  has  been  found  that  isobars,  or  lines  joining  equal 
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barometer  readings  at  sea  level,  map  out  larger  or  smaller  oval  spaces. 
These  ovals,  especially  in  the  colder  months  and  in  latitudes  above 
the  tropics,  are  quite  regular  and  wide  extended.  They  represent 
what  may  be  designated  elevations  or  "  highs "  in  the*  atmosphere, 
where  the  pressure  is  relatively  high ;  or  hollows,  "  lows,"  where  the 
pressure  is  relatively  low. 

There  is  given  in  Fig.  10  a  chart  or  weather  map  indicating  the 
state  of  pressure,  temperature,  and  wind  direction  at  8  p.  m.  (Eastern 
time)  on  March  27,  1890.  It  will  be  remembered  that  just  at  this 
time  severe  tornadoes  were  raging  in  Kentucky,  and  this  gives  an 
added  interest  to  this  map.  It  will  be  seen  that  the  full  lines  or 
isobars  inclose  an  oval  space  central  over  Illinois.  These  lines  also 
map  out  the  wind  arrows,  which  are  seen  to  point  in  a  direction 
counter-clock-wise  about  the  low  center.  The  dotted  temperature 
lines,  or  isotherms,  show  a  well  marked  rise  in  the  front  of  the  storm 
and  a  similar  fall  in  the  rear.  These  characteristics  will  be  found  to 
be  a  general  law  as  applied  to  storms,  and  the  contrary  is  true  of 
high  areas.  That  is,  the  wind  has  a  tendency  to  flow  outward  from 
the  center  of  a  high  area,  and  their  directions  go  about  the  oval  with 
the  hands  of  a  clock.  The  air  in  front  is  much  cooled  and  dry,  while 
in  the  rear  it  is  heated  and  becoming  moist. 

MEAK  TEMPERATURE  AT   CHICAGO. 

The  temperature  observations  at  Chicago  began  in  July,  1832,  at 
Port  Dearborn,  a  station  near  Lake  Michigan.  These  were  continued 
till  December,  1836,  after  which  month  there  is  a  gap  till  Novem- 
ber, 1859,  relieved  only  by  six  months  observations  during  1844  and  all 
of  1867.  These  observations  were  made  with  every  kind  of  exposure, 
and  generally  at  7  a.  m.,  2  p.  m.,  and  9  p.  m.,  until  November,  1870, 
when  the  Signal  Service  record  begins.  The  shelter  of  the  Signal 
Service  was  placed  at  north  windows  of  rather  high  buildings  until 
January  1,  1887,  when  they  were  transferred  to  the  roof.  On  Febru- 
ary 1,  1890,  the  shelter  was  placed  on  the  Auditorium  building,  at  a 
height  of  241  feet  above  the  ground,  giving  by  far  the  best  exposure 
thus  far  obtained. 

The  hours  of  observation  have  been  changed  from  time  to  time. 
Until  November,  1879,  they  were  mostly  at -7.35  a.  m.,  4.35  and  11  p. 
m.,  Washington  time,  or  50  minutes  earlier  than  Chicago  time.  From 
November,  1879,  to  July,  1888,  they  were  at  7  a.  m.,  3  and  11  p.  m., 
and  since  July,  1888,  they  have  been  taken  at  8  a.  m.  and  8  p.  m. 
During  nearly  the  whole  time  the  daily  extremes  have  been  observed 
by  self-registering  maximum  and  ininimimi  thermometers,  and  since 
July,  1888,  the  mean  temperature  used  in  publications  has  been  the 

'-^ '    Until  July,  1881,  daily  observations  were  also  made  at 
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7  a.  m.,  2  and  9  p.  m.,  local  time.  A  careful  study  of  all  these  reoords  has 
shown  that  up  to  July,  1888,  the  mean  of  the  three  telegraphic  obser- 
vations has  differed  but  very  slightly  from  the  mean  obtained  from 

7J-  2  +  9  +  9>    gijj^jg  j^i     1888^  ^j^^  ^^^^^  ^f  ^^^  8jtL§^^^^^ 

4  2 

about  a  degree  below  the  true  mean,  and  the  mean  of  the  maximum 
and  minimum  has  been  about  a  half  degree  too  high.    It  will  thus  be 

seen  that  a  mean  of  the  four  8  a.  m.  +  8  p.  m  +  max.  +  min. 

4 

would  give  a  much  nearer  approximation,  generally  speaking,  than 

the  mean  maximum  and  minimum  alone.    There  is,  however,  a  slight 

complication  which  tends  to  cause  the  minimum  to  read  too  low,  and 

this  amount  is  not  always  constant.     It  seems  advisable,  for  the 

present  at  least,  to  take  the  mean  of  the  maximum  and  minimum, 

and  to  remember  that  this  is  liable  to  be  a  half  degree  too  high.    The 

error  from  this  source,  as  will  be  seen  presently,  is  small  as  compared 

with  other  errors. 

It  would  be  very  interesting  and  of  considerable  value  in  discussing 
temperatures  for  an  extended  period,  if  we  could  obtain  interpolated 
values  for  the  time  during  which  there  are  no  records.  This  could 
be  done  with  considerable  accuracy  if  we  had  a  long  series  of  observa- 
tions at  a  neighboring  station  which  lapped  over  those  at  Chicago. 
Unfortunately  there  are  no  records  of  this  description  near  Chicago, 
but  we  have  a  continuous  series  at  two  or  more  stations  which  over- 
lap each  other,  and  by  using  these  it  has  been  possible  to  interpolate 
a  series  of  values  and  to  make  a  complete  record  from  1830  to  1891. 
In  Table  XIX,  wherever  a  record  has  been  kept  at  Chicago,  the  tem- 
perature is  given  to  the  nearest  tenth  of  degree,  but  in  all  interpolated 
values  only  the  nearest  degree  is  given. 

It  is  important  to  settle  upon  a  definite  exposure  to  which  to  reduce 
all  the  readings,  if  possible.  The  best  of  all  the  exposures  is  un- 
doubtedly the  last,  in  the  Auditorium  building,  where  the  ther- 
mometers are  241  feet  above  ground,  and  the  attempt  has  been  made 
to  compute  interpolated  values  uniform  with  those  made  since  Feb- 
ruary, 1890.  It  should  be  noted,  however,  that  these  temperatures 
are  not  considered  to  apply  strictly  to  portions  of  the  city  at  some 
distance  from  the  lake  shore  and  on  the  street.  The  temperature  of 
the  air  that  we  wish  to  obtain  is  that  of  a  considerable'  stratum 
passing  over  the  city,  and  unaffected  by  disturbing  radiations  or  re- 
flections. At  Chicago,  however,  the  presence  of  the  lake  complicates 
the  question  of  the  true  air  temperature  very  much,  and  it  is  prob- 
able that  differences  of  5^  to  8^  6ould  be  found  in  properly  exposed 
thermometers,  I  mean  at  some  distance  above  the  street,  especially 
during  the  early  evening. 

It  is  thought  by  some  that  the  exposure  of  a  thermometar  above 
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the  roof  of  a  building  is  objectionable  because  the  highly  heated  tin 
roof  and  the  heat  escaping  from  the  lower  rooms  would  tend  to  raise 
the  temperature,  but  experience  has  shown  that  the  most  important 
consideration  is  a  perfect  natural  ventilation,  and  nearly  everything 
else  should  be  sacrificed  for  that.  Still  others  think  thht  the  tem- 
perature needed  is  that  at  the  level  of  the  head  on  the  sidewalk,  but 
here  we  meet  with  a  serious  difficulty,  in  that  in  summer  the  tempera- 
tare  01)  the  south  side  of  the  street  is  much  lower  than  that  on  the 
north  side,  and  in  many  cases  it  is  lower  even  than  that  of  a  properly 
exposed  thermometer. 

It  would  appear  that  the  earliest  records,  namely,  those  at  Fort 
Dearborn,  correspond  fairly  well  with  the  present  exposure  though 
they  may  be  very  slightly  lower.  Thq;re  were  no  large  buildings 
about,  and  the  exposure  near  the  lake  was  quite  satisfactory.  The 
temperatures  for  the  colder  months,  1861-1865,  seem  to  be  a  little  too 
low*  I  have  followed  Mr.  Schott  in  all  cases,  though  the  dis- 
crepancies between  different  series  of  observations  in  the  city  are 
often  quite  large.  To  show  some  of  these  I  have  drawn  off  Tables 
XVI  and  XVH. 

Table  XYI. — Tempercfhire  o^  7  a.  m.,  2  and  dp,  m.^  ai  different pkices  in  Chicago. 

x863. 


Month. 


February 

J^o 

March 

Do 

April 

Do 

August , 

Do 


ao.3 

14.3 
32-7 
36.4 

43-8 

37-4 
73.0 
65.9 


a. 


a?- 

35- 

37- 
34- 
47- 
47- 
77- 
77- 


33.0 
17.0 
34-1 
39-3 
44-7 
38.8 
73.8 
64.6? 


Mean. 


33. 
18. 
34- 

45" 
40. 

li: 


Place. 


U. 
B. 
U. 
B. 
U. 
B. 
U. 
B. 


Month. 


September 

Do 

October..., 

Do 

November . 

Do 

December . 

Do 


64.4 
56.3 

51-9 
43.6 

34.8 

38.1 

29.7 
34.5 


a. 


71-5 

70-3 

59-6 
56.8 

39-1 
39-3 
36.8 

34*9 


o 

66.0 
58.0 

54-1 

45-4 
36.3 

30*6 

3i'3 
26.9 


Mean. 


67.0 
60.6 
54.9 

32.x 
33.3 
38.3 


Place. 


U. 
B. 
U. 
B. 
U. 
B. 
U. 
B. 


Z867. 


February . 

Do..., 
Marchr. . . , 

Do... 
April ..... 

Do... 

June 

Do... 


a6.5 

P:i 

31-4 

31. 6 

A. 

34.9 

29.3 

30-0 

B. 

36.5 

38.1 

39.0 

30.6 

R. 

34.8 

M'7 

27.1 

38.4 

B. 

•43-4 

53-4     44-6 

46.5 

R. 

44-5 

55-1     43- at 

46.5 

B. 

48.7 

56-7     48.4 

50.6 

B. 

U:l 

57.6  1  48.0? 
78.3  1  70.3 

50.8 
71.9 

B. 
B. 

73.3 

84.3 

67.8? 

730 

B. 

July 

Do 

August .... 

Do 

September 

Do 


October... 

Do.... 
December 

Do.... 


69-5 

79.x 
83.3 

80.8 

V'K 

73.9 

73.3 
70.4 

69-3* 
73.7. 

73-3 
74-6 

71.4 

85.x 

7o.4t 

.74.3 

63.x 

75-6 

66.9 

67.9 

63.3 

77.3 

63.7 

67.0 

51.3 

49.6 

63.0 

S6.6 

56.9 

65-3 

53-1 

55-3 
39.6 

37.1 

33- a 

39.1 

33.9 

330 

27-3 

37.9 

B. 
B. 
B. 
B. 
R. 

a 

R. 
B. 
R. 
B. 


Z868. 


January . . 

Do..., 
February , 

Do..., 
March  . . . , 

Do... 


April 

Do; 

May 

Do 

w  une  •..•..*.•*■. 
Do 


14.6 

a3-9 

X9.7 

19-5 

R. 

XI.4 

34.1 

15.0 

16.4 

B. 

19.4 

33-3 

37.3 

36.8 

R. 

15-5 

321 

ai-5 

33.6 

B. 

38.3 

50-5 

43-3 

43-8 

R. 

36.0 

49.6 

39-4 

41.  X 

B. 

43.0 

51.5 

44-3 

45-5 

R. 

39- a 

53.0 
60.5 

41.0 

43-3 

B. 

5a-9 

53.7 

5*-Z 

R. 

51-3 

60.5 

51-7 

53-8 

B. 

63.1 

7a.  5 

65.3 

66.5 

R. 

63.3 

76.3 

61.3? 

65-5 

B. 

July 

Do 

August .... 

Do 

September 
Do 


October..., 
Do 

November 
Do 

December , 
Do 


78.3 

86.4 

78.7 

80.5 
80.8 

79-7 

89.7 

76.8? 

69.3 

79.0 

70.9 

72.5 

68.1 

83.3 

67.1? 

7X.3 

56-8 

70.1 

60.9 

62.6 

70.0 

57- 0 

60.0 

49-4 

58.0 

50.3 
47-8 

53.0 

46.0 

56.7 

49.6 

38.3 

46.3 

41.4 

41.8 

39-9 

40.3 

33-1 

34-1 

23.0 

29-5 

24-5 

35-1 

x6.6 

35-4 

X9.0 

30.0 

B. 
B. 

R. 
B. 

R. 
B. 

R. 
B. 
R. 
B. 
B. 
B. 


NovB.— n.,  UniTertity;^B.,  Brooks;  B.,  Randolph  street* 
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Table  XVU.— Temperature  recorded  ai  different  loeaUUes  in  CkUago^ 


Year. 


1862.... 
i86a.... 
1863.... 
1863.... 

1864.... 
1864.... 
1867* • • • 
1867.... 

XoOO • • ■ • 

loOOa  >  •  • 

1869.... 
1869.... 
1870. . . . 
1870. . . . 

I87I.... 
I87I.... 
I87I.... 
I87I.... 

187a.... 

1872.... 
1873.... 
1872.... 

1873. . . . 
1873.... 
1873.... 
1873.... 


i 


T 


o 

2 

33-5 
30*0 


19.0 
19.6 

19*5 
16.4 

33-4 
29.2 

24-3 

,30-9 
28.8 
27.0 
27.1 

23.0 

23.2 
21.9 

20.4 
20.3 
19.6 
18. 1 


£ 


x8'4 
24.6 


31-6 
30.0 
26.8 
22.6 


31- 

a?- 
29. 

25. 


30.2 
30.1 
28.6 
28.4 


25- 

27- 
35- 

25- 

24- 

23- 

21. 

22.0 


us 


34' 

29. 


>.o 

Is 


30.6 
26.4 
43-8 
41. 1 

32.0 
27.0 

34-9 
30.1 

41.2 
42.4 
40.5 
39- o 

37.6 
27.1 

28.7 
27.4 

34-3 
31*6 

33-2 

33*  o 


< 


45*3 
40.7 


41.9 


46.5 
46.5 

45-5 
43-3 


47- 
43- 
51- 


45' 5 
51-2 

49*0 

48.7 
48.2 

47-3 


43- o 


42.3 
42.0 


5? 

as 


o 

53-2 
50.5 


52-7 

58.9 
53- S 
50.6 
50.8 

53-8 

54-6 
5X.6 
64.8 
w*o 

56.7 
59-8 
58.0 

56.9 

5(S.3 

57-2 
60.5 
56.0 

53-8 


6 

a 
a 


o 
62.3 
57*0 


71.9 

65-5 
65.2 

63.4 
71.3 

67-3 

66.8 
71.6 

68.4 
63.3 

69.3 

70.4 
70.0 
68.9 

70.3 


U.I 


65.6 


72.9 
73-3 
80.5 
80.8 

730 
60.4 
78.8 
74-8 

73- o 
77-1 
74.0 

70.9 

7X-7 
73-1 
73-5 
72.2 

70.8 


54- o 
52.0 


70.5 
65.2 


73.2 
70.6 


6> 

a 
< 


m 

65."6 


74.6 

74-3 
72-5 
71.2 

73- X 
71.0 

74.7 
70.6 

72.7 

75-9 

73-3 
71.0 

73-1 

72.4 
73.9 

73-5 
73.x 


74«3 
73.6 


B 


67. 0 

60.6 


67.9 

67.0 

62.6 

60.0 

66.8 
63.0 
70.0 
67-4 
6x.o 


6x.6 
60.4 

64.0 
64.6 
67.7 
65-4 
63.x 


63.9 
63.3 


54-9 
47.6 


56.9 

55-3 

52.0 

49.6 

45*6 
40.8 
56.3 
54-1 


56.2 

53-4 

90.8 

5X.8 
50.8 
50-3. 

48.9 


47«o 
46.7 


§ 


o 

36-6 

32.3 


44.8 

43.3 

4X>8 
34.1 

35-8 

31-9 

43-2 

41-4 
35-0 


36*0 
34-3 

3X.9 
32.7 

3X.3 

31.  X 
34-3 
^.8 


JS 

s 


2*^ 

38.3 


17.8 
39.6 
37.9 
35.x 

30.0 

30.3 
36.0 
37.6 
26.5 
30.0 


ax.  7 

19.5 

X9.1 

19.7 
X9.3 

17.5 

33.0 


30.0 


Looftlitj. 


UniTersity. 
Brooks. 
University. 
Brooks. 

UiiiTersfij. 

Brooks. 

Randolph 

Brooks. 

Randolph  sfc. 

Brooks. 

Randolph  si. 
Brooks. 
Randolph  st. 
Brooks. 

Signal  Berri 
UnlversUy. 
Brooks. 
Branston. 

Signal  SerrioflL 
Unirersity. 
Brooks. 
Eranston. 

Signal  Serrioe. 
University. 
Brooks. 
Evanston. 


Mr.  Schott  deemed  it  the  wisest  to  take  the  mean  of  discordant 
observations  at  Chicago.  Most  of  the  discordances  are  probably  due 
to  the  fact  that  some  of  the  exposure^  were  much  nearer  the  lake 
•than  others.  One  interesting  fact  is  brought  out  in  Table  XVI,  in 
that  oftentimes  the  9  p.  m.  observation,  ordinarily  very  near  the 
mean  for  the  day,  and  always  higher  than  that  at  7  a.  m.,  is  fre- 
quently lower  than  the  7  a.  m.  This  occurs  in  the  summer  monthe 
almost  invariably,  for  example,  August,  1862,  — 1.3® ;  April,  1867, 
—1.3®;  May,  — li5®;  June,  --3.4®;  July,  —2.9®;  August, —1.0*^. 
1868 :  June,  — 1.9® ;  July,  — ^2.9® ;  August,  — 1.0®.  Now  this  anomaly 
might  be  due  to  the  fact  that  the  sun  struck  the  thermometer  in  the 
early  morning,  but  it  is  more  probable  that  this  exposure  was  near 
the  lake  and  near  the  ground,  if  so,  the  lake  breeze  would  tend  to 
cool  off  the  air  near  the  lake  and  near  the  ground  very  rapidly, 
but,  as  morning  approached,  the  land  breeze  would  tend  to  heat  up 
the  air  very  slightly,  and  this  effect  would  be  heightened  from  the 
fact  that  the  sun  was  shining  at  the  7  a.  m.  observation.  Whatever 
the  explanation,  the  fact  is  a  most  interesting  one,  and  it  has  seemed 
advisable  to  here  note  the  observations  for  others  who  are  interested 
to  make  a  study  of  them.  The  Auditorium  temperature  at  9  p.  m.  is 
3**  higher  than  at  7  a.  m.  during  June,  July,  and  August. 

The  Weather  Service  records  previous  to  February,  1890,  have  a 
slight  tendency  to  a  too  high  temperature,  especially  when  compared 


MEAN   TEMPERATURE. 


37 


with  those  on  the  Auditorium.  This  may  be  shown  approximately 
by  comparing  the  observations  at  Chicago  with  those  at  Milwaukee, 
a  station  having  very  much  the  characteristics  of  the  former.  It 
should  be  noted,  however,  that  the  exposures  at  Milwaukee  have 
changed  from  time  to  tipie,  so  that  we  have  not  there  an  invariable 
standard  of  comparison. 

Table  XVIII  gives  the  mean  temperature  for  January,  February, 
March,  November,  and  December,  for  each  lustrum  of  5  years,  and 
also  for  May,  June,  July,  August,  and  September. 

Table  Xvili. — Mean  temperature  at  Chicago  and  Milwaukee. 


Team. 

Cold  months. 

Wftrm  months. 

Gbioago. 

MilwMkee. 

Diflbrence. 

Chicago. 

Milwaakee. 

Diflerence. 

X856-1860. 

1861-1865 

1866-1870 

1871-1875 

'f7«-»»> 

X8S1-1885 

1886-1800 

Feb.,  1890.. 

0 

26.7 
27.0 

39-4 

39-5 

33-3 
30.2 

30.6 
•31.5 

0 

28.4 
24.9 

26.0 
28.9 

0 

0.0 

—1.4 

2.1 

4.6 

4.8 

3-9 
4.6 

2.6 

0 

63-7 

63-3 
67.0 

66.1 

67.0 

65.2 

67.4 
•63.8 

0 

62.6 
63.0 
62.8 
63.1 
63.8 
61.8 
62.4 
62.2 

0 

Z.I 

0.3 

4a 
30 

3- a 
3-4 

1.6 

•Auditorium. 


The  higher  temperatures  in  the  later  years  till  February,  1890,  are 
due  to  the  fact  that  they  were  taken  in  window  shelters.  It  might 
be  thought  advisable  to  apply  some  correction  to  the  observed  values 
in  order  to  reduce  them  to  a  common  exposure,  but,  on  the  whole,  it 
has  been  decided  to  publish  the  records  as  they  stand,  and  each  one 
can  apply  a  correction  to  suit  himself. 

Table  XIX  contains  the  mean  temperature  by  months  and  years, 
made  up  as  has  just  been  described  for  62  years,  1830-1891.  A  mean 
for  20,  21,  and  21  years  is  made  up  at  the  foot  of  the  table,  and  a 
final  mean  for  the  62  years.  These  means,  in  most  cases,  are  made 
out  to  the  nearest  tenth  of  a  degree,  though  it  should  be  noted  that 
even  the  mean  for  62  years  does  not  represent  the  exact  mean  nearer 
than  a  half  degree,  probably  in  each  month,  and  it  would  be  impos- 
sible to  say  whether  this  was  a  half  degree  higher  or  lower  than  the 
Auditorium,  but  probably  it  ia  higher. 
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Table  XTX 

. — Mean  temperature 

cU  Chicago 

. 

Tmt. 

• 

§ 

1 

• 

1 
as 

m 

0. 
-< 

0 

• 

• 

a 
a 

• 

1 

< 

Z 

B 

« 
•*• 

1 

• 

1 

s 

1 

B 

0 

0 

g 

0 

• 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

z83P- 

•••••••••••••• 

s 

30 

37 

53 

59 

s* 

75 

72 

1? 

57 

45 

36 

50 

1831. 

»•••■••*••* 

20 

37 

43 

57 

U 

73 

70 

49 

32 

X5 

45 

1832. 

»•••*••■■•• 

34 

15^ 

37 

49 

60.1 

70.6 

7i'4 

62.9 

54.0 

39-9 
39-8 

33-2 

48.0 

1833. 

397 

27.6 

^:l 

50.5 

63.6 

72.4 

70- 3 

64.0 

46-3 

34.1 

4^» 

xBs*. 

13-3 

34-9 

47-4 

54-6 

62.9 

74.3 

7Z.2 

60.x 

40.3 

39.6 

47-6 

IIH: 

»•••••••••• 

38.  z 

Z4.0 

32.0 

42.5 

54-6 

•Ji6 

67.  z 

65.2 

54-3 

n 

34-2 

34.8 

44- 0 

!••*•••«••• 

M.4 

21.7 

26.  z 

42.4 

r 

66.5 

6Z.9 

56.7 

34-3 

24.3 

43.9 

1837- 

•  ••••••••• 

23 

25 

28 

38 

66 

fs 

50 

40 

36 

44 

1838. 

!••••■•■••• 

25 

zz 

42 

40 

50 

66 

74 

n 

58 

48 

25 

19 

44 

1839. 

»•••••••••• 

a9 

28 

35 

53 

54 

6z 

73 

54 

59 

31 

27 

48 

1840. 

3Z 

38 

37 

46 

58 

66 

66 

66 

S^ 

:i 

35 

36 

46 

1841. 

»•••«••••*• 

22 

23 

35 

*x 

55 

67 

^ 

67 

57 

37 

27 

46 

x84a. 

!••••••«••  • 

^§ 

38 

4$ 

52 

52 

§9 

67 

65 

6x 

52  • 

30 

33 

46 

1843- 

>••■•••••*• 

26 

*3« 

z6 

45 

53 

S5 

^'. 

% 

6i.6 

^ 

33 

S« 

44 

1844. 

»•■•••••••• 

22 

30.8 

38.4 

55-3 

^•7 

64 

73-6 

34 

3X 

49 

:l$: 

»•••••••••• 

35 

33 

39 

51 

58 

68 

g 

70 

S? 

5X 

37 

23 

50 

39 

31 

42 

49 

62 

64 

E5 

62 

53 

43 

34 

U 

1847. 
X848. 

20 

30 

32 

47 

53 

U 

76 

67 

64 

5X 

4X 

30 

3a 

31 

36 

46 

S^ 

69 

g 

58 

55 

36 

27 

:i 

1849- 

22 

2Z 

38 

42 

50 

66 

70 

62 

50 

45 

33 

1850. 

30 

32 

34 

4Z 

5X 

66 

74 

71 

6z 

51 

§ 

36 

4S 

1851. 

28 

35 

40 

45 

53 

g 

7x 

^ 

67 

5X 

U 

49 

185s. 

22 

32 

34 

39 

55 

72 

69  - 

59 

54 

35 

s 

1853. 

29.7 

39.1 

U 

45 

52 

H 

68 

68 

62 

50 

U 

30 

I85*. 

19 

29 

44 

54 

66 

74 

72 

67 

55 

38 

49 

1855. 

26 

x8 

31 

48 

56 

63 

70 

67 

63 

46 

37 

33 

45 

1850 . 

13 

'7, 

27 

44^ 

51 

68 

71 

55 

IS.8 

48.9 

35 

X8.4 

43 

1857  . 

Z0.7 

30.6 

27.9 

34-6 

50.4 

§•' 

71-5 

67.7 

39.9 

^'^ 

^•* 

•  •■*••••■■• 

33  . 

19 

3g 

43 

52 

73 

70 

63 

50 

35 

38 

48 

1859. 

27 

29 

38 

41 

55 

63 

74 

71 

59 

49 

32.9 

15-7 

46 

z86o. 

z8.z 

26.8 

35- 1 

42.6 

57-7 

63.0 

68.3 

68.8 

57-6 
6Z.0 

48.5 

3X.3 

30.5 

44-9 

z86x. 

2Z.9 

39.4 

31.7 

43- 0 

49- z 

63.3 

66.2 

68.5 

48.4 

34- X 

38.4 

45-4 

x86a. 

Z8.2 

20.9 

32.x 

43-0 

5Z.8 

57-0 

68.0 

70.9 

6».8 
56.9 

51-2 

34*4 

3»-3 

45-X 

ss^- 

33-5 
Z6.2 

20.6 

3I'Q 

*i  ? 

52.7 

59-4 

65.6 

6i!o 

39-9 

33-4 

X7.8 

44.3 

X864. 

23.6 

27.4 

38.6 

55-7 

60.6 

67.9 

58.4 

43-0 

32.5 

42.5 

X865. 
1866. 

Z7.3 

36.0 

32.2 

43-8 

51-3 

66.  z 

63.9 

65.2 
68.9 

66.3 
60.8 

46.6 

35-4 

30.3 

44-3 

17.7 

17.0 
30.8 

26.4 

5Z.4 

69.4 

77.2 

^I 

40.9 

25-8 

46.3 

Z867. 
x868. 

Z9.9 

29-5 

46.5 

50-7 

72.4 

U:l 

71.8 

67.4 

43.5  28.8  1 

49-4 

Z7.9 

24.7 

42.4 

44.4 

54-2 

66.0 

6X.3 

S0.8 

38.0 

23.6 

47-9 

Z869. 

3X.2 

29-3 

29.5 

45-2 

53-1 

64-3 

7Z.3 

72.  z 

64.9 

43.2 

33-9 

38.6 

47-1 

J870. 

25-9 

27-5 

32.5 

48.4 

62.4 

6l:i 

76.8 

72.7 

68.7 

55-;. 

42.3 

37.x 

50-7 

1871 . 

30.9 

30.3 

41.3 

5Z.2 

56.7 

73- 0 

72.7 
71.8 

6x.o 

54- 6» 

35.0 

30.0 

49-4 

1872. 

23.0 

25-5 

28.1 

47-2 

^.z 

69.3 

73.3 

63.9 

^'^ 

31-5 

19. 0 

46.5 

1873. 

20.4 

34.  z 

34-3 
30.5 

43-0 
^.6 

53-8 

70.3 

70.8 

72.1 

62.1 

48.9 

34-3 

32.0 

47-2 

1874. 

28.9 

31-4 

59-3 

70.5 

74.8 

71.8 

66.4 

53- 0 

40.3 

33-5 
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ir7l: 

X7.9 

3Z.8 

31*8 

42.5 

55-5 

63.  z 

68.8 

68.4 

61.0 

U:S 

370 

36.8 

45-4 

330 

33-9 

46.5 

59- 0 

^.5 

73-5 

73-5 

6i«i 

39-3 

20.0 

49-0 

'SZZ- 

21.9 
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29.4 

45-1 
53- f 

56.9 

66.  z 

73- 1 

71.x 

66.5 

54-7 

39-7 

43.8 

50-3 

1878. 

31-2 

35-7 

44-3 

55-5 
57-6 

65.4 

74.8 

73-6 

65-9 

53.0 

43- X 

23.7 

51.4 

1879. 

2Z.4 

27.4 

39- X 

46.8 

64.7 

73- 0 

72.6 

6x.3 

59-9 

4x9 

30.3 

49-9 

1880. 

40.Z 

34-6 

37-9 

48.5 

64.2 

69.9 

72.4 

72.4 

63.5 

50.8 

3X.4 

33«0 

50-6 

z88l . 

■  ••••■•■••« 

19-5 

34.7 

^.2 

41.5 

6z>o 

63.0 

72.9 

75- 0 

69.5 

55-9 

39*9 

37- » 

^1 
49-6 

x88a. 

28.3 

38.3 

38.3 

45-9 

51.7 

63.6 

68.6 

7Z.2 

65.0 

51.8 

4X.7 

20.0 

Z883. 

16.3 

33.0 

31.4 

45-6 

52.x 

641 

7Z.0 

68.3 
68.8 

60,7 

4X.5 

30.x 

^« 

Z884. 

»•••••••■•• 

19.2 

37.7 

34.2 

44-3 

56.7 

65.0 

69.3 

68.9 

56.4 

39-6 

28.4 

48.3 

z88s. 
z886. 

18.3 

z6.8 

30.0 

45-3 

52.8 

66.0 

72.8 

68.1 

§:? 

51.0 

4Z.9 

31.  X 

46.4 

2X.4 

28.  z 

36.x 

49-1 

57-0 

71.4 

72-4 

56.6 

38.2 

25.0 
28.  X 

49-0 

'SZ- 

*■■«••••••• 

17-3 

27.1 

31-9 

47-4 

59.4 

57-3 

76.0 

69.7 

63.5 
59-8 

47-3 

38.0 

^'l 

1888. 

15- 1 

23.0 

30.5 

45-4 

52.6 

67.4 

73.6 

69.4 
70.6 

49- X 

4l>6 

33.3 

46.6 

Z889. 

»•••••••••• 

29.0 

Z9.9 

384 

46.8 

56.8 

63.3 

70.5 

62.8 

49-4 

38.6 

40.6 

4»-8 

Z890. 

»•»•••••••• 

30.8 

^'i 

29.5 
30.6 

45-6 

53-4 

70.3 

72.1 

67.6 

60.4 

53.6 

4X.Q 
33-8 

30.6 

•«-' 

Z89Z. 

•••••••••••••• 

30.  a 

28.6 

47.0 

53-4 

65.7 

67.0 

69.0 

69.0 

35-4 

-^5 

Mean,  Z830  to  Z849. 

25 

25 

35 

47 

55 

64 

71 

68 

60 

50 

37 

27 

47*5 

Mean,  Z850  to  Z870. 

23 

36 

32 

43 

53 

65 

71 

69 

63 

50 

36 

25 

41^4 

Mean,  187Z  to  Z89Z. 

24-5 

27.7 

34.8 

46.  z 

56.3 

66.4 

7Z.9 

7Z.0 

63.8 

52.3 

38.6 

39.9 

4^7 

MeaiiiZ830to  zSgz. 

34.0 

36.3 

33.8 

45-2 

54-9 

65-3 

71-5 

69.5 

68.Z 

3^7 

37.3 

37.3- 

47-S 
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In  Table  XX  are  given  the  5  coldest  and  warmest  months  in  the 
series,  also  the  coldest  and  warmest  for  the  whole  series  and  for  the 
Weather  Service.  It  will  be  noted  that  the  Auditorium  has  four  of 
the  values  in  the  last  two  sets. 

Table  XXI  contains  a  summary  of  Table  XIX  by  seasons. 
Table  XXI. — Mean  temperature  of  Chicago  by  seasoTU. 


Tear. 


xB3oan<i  1831 

X833 

1833 

1834 

1835 

1836 

1837 

1838 

1839 T 

X840 

1841 

1843 

1843 

X844... 

1845 

1846 

1847 

Z84B 

1849 

Z850 

1851 \.... 

1853 

1853 

1854 

X855 

1856 

1857 

1858 

1859 

x86o 

z86i 

1863 

1863 

1864 

1865 

1866 

X867 

1868 

X869 

1870 

1871 

1873 

1873 

1874 

X875  

1876 

1877 

1878 

1879 

1880 

1881 

1S83 

1883 

1884 

1885 

1886 

1887 

1888 

1889 

Z890 

1891 

Mean,  1831-1850 

Mean,  1851-1870 

Mean,  1871-1891  ......... 

Mean,  183Z-Z89X 


Winter. 

Spring. 

Summer. 

Autumn. 

0 

0 

0 

0 

31.3 

45-7 

70.3 

47-3 

18.0 

47.0 

70.0 

40.8 
48.9 

so*  2 

48.0 

68.8 

27-4 

46.8 

69-5 

33.9 

43- 0 

65.1 

45-5 

33.0 

40.7 

62.3 

45-9 

34.1 

38.0 

€4.0 

49-7 

30.7 

44.0 

69.7 

48.0 

25-3 

47-3 

66.7 

35.3 

47.0 

66.7 

46.7 

35.7 

43-7 

67.7 

47-3 

49-7 
38.0 

63.7 

47-7 

30.4 

HI 

47-3 

;   38*3 

50.8 

50-2 

33- 0 

49-3 

71.0 

50-3 

31.0 

51-0 

72.3 

54.0 

38.0 

44-0 

Z'y 

52.0 

31-0 

46.7 

49-7 

33.3 

38.0 

43-3 

673 

52.3 

43.0 

70.4 

SX-7 

39.7 

46*0 

68.0 

51-3 

38.9 

42.7 

69.0 

51*0 

44.7 

67.7 

50-4 

36.0 

45-3 

70.7 

53-3 
48.3 

34.0 

45"  0 

66.6 

17-3 

40.7 

68.0 

47-7 

37*0 

37-6 

67.8 

47.2 

43-7 

70.4 

49-3 

38.0 

44-7 

69.0 

47.0 

30.3 

45-x 

66.7 

45.8 

23-9 

41-3 

66.0 

47-8 

^•5 

42.3 

65-3 

49-8 

38.1 

43.3 

63- 5 

43-4 
44.6 

33.0 

40.6 

65-5 

30.3 

43.0 

64.7 

49-4 

z8.6 

40.5 

71. 8 

51.8 

33.8 

42.2 

73-3 
72.8 

55-7 

47.0 

50.0 

37.7 

43.6 

69.2 

47-3 

•       27-3 

47.8 

72.9 

55-4 

39.7 
33.8 

49-7 

70.8 

50.2 

43-8 

71.1 

^•5 

31.3 

43-7 

71. 1 

48.4 

30-4 

44-8 

72.4 

ti 

33.0 

43-3 

66.8 

33-9 
36.x 

46.5 

71-5 

49-7 

43-9 

70.x 

53-6 

36.6 

50.7 

71-3 

53-7 

34.2 

47-8 

70.x 

5^*3 

35-0 

50.2 

71.6 

48.2 

33.4 

44-9 

II 

55-1 

34.5 

31.8 

45-3 

54-4 

43- 0 

67.8 

51-3 

25-7 

45-1 

67.7 

550 

21.  2 

42.7 

69.x 

52-3 

36.9 

47.7 

69.9 

53-6 

23.1 

46.3 

70.0 

49-3 

23.1 

42.8 

&-S 

50.2 

37.0 

47-7 

67.8 

50.3 

34-6 

43.8 

70.0 

5X-2 

39.8 

43-7 

S'* 

5X.8 

35.6 

45-3 

68.0 

49.0 

34.4 

43-2 

68.4 

49-3 
SI*  6 

37.2 

45-5 
44'<> 

tt.i 

35-8 

SO-Q 

Mean. 


o 

46.3 
46.8 
49.3 
40-0 

44-4 

43- o 
44.0 

46i§ 
46.4 

45-6 
47.0 

43-4 
49-4 
30.9 

52- « 
48-3 
49-0 
46.6 
48-0 

48-8 
47-1 
47-9 
48.8 
46.0 


43-4 

43- X 
47.8 

47- » 
44-4 

44.  ft 
45.0 
44-3 

43- a 

44- X 


1^ 


45-7 

-4 
46.7 

5»-8 

SO>z 
46.6 
46.1 

5D.2 

45- » 

48.4 
53- X 
49.1 
5x.a 

48.2 

50-5 
46.0 

48.4 
46.3 

49-5 
47- « 
46.2 

48.2 

49-6 

48.1 
47- o 

46-3 
48.5 

47-8 
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The  means  of  the  annual  temperatures  observed  by  the  Weather 
Service  are  here  given  in  lustra,  or  periods  of  6  years :  1871-1875, 
47.8**;  1876-1880,50.2^;  1881-1885,48.0^;  1886-1890,  48.2«. 

Table  XXII  shows  the  mean  temperature  for  each  five  days  from 
the  beginning,  or  the  mean  by  pentads. 

Tablb  XXn. — Mean  temperature  of  Chicago  by  peniads. 


(E«ch  llgnre  in  this  table  is  the  mean  of  five  days'  observations,  < 

)r  of  fifteen  obeerrations  of 

temperature  ap  to  Jaly,  xR88. ) 

Tear. 

X. 

a. 

3* 

4« 

5' 

6. 

0 

7. 

8. 

9- 

0 

xo. 

II. 

13 

13- 

U- 

15. 

0 

0 

0 

0 

6 

0  « 

0 

0 

0 

0 

0 

0 

0 

vftMk 

107'  *  * 

30 

'as'" 

42 

.^... 

25 

3S"" 

31  ' 

^ 

24 

34'" 

'40' 

35 

39 

'i'" 

'¥' 

1873  .. 

31 

39 

30 

29 

14 

8 

U 

18 

24 

27 

35 

34 

24 

27 

1873- 

36 

24 

?J 

17 

aa 

9 

ao 

38 

? 

34 

xo 

25 

21 

39 

39 

1874.. 

37 

30 

32 

a6 

33 

25 

38 

35 

29 

34 

41 

30 

32 

17 
4X 

10 

S 

S 

27 
30 

29 
32 

x6 
x8 

6 
36 

9 

X3 
30 

27 

17 
40 

3X 

43 

30 
43 

34 
32 

1877.. 

14 

14 

\ 

x6 

37 

42 

37 

3* 

38 

34 

:i 

24 

27 

1878 .. 

H 

a6 

35 

33 

31 

30 

37 

32 

3? 

39 

40 

51 

45 

1879  ** 

—5 

14 

a6 

x8 

33 

37 

29 

33 

aa 

38 

29 

25 

39 

52, 

32 

1880.. 

42 

45 

3g 

43 

39 

37 

?i 

30 

38 

37 

39 

47 

46 

33 

27 

x88x  .. 

22 

xa 

x8 

aa 

% 

19 

33 

25 

31 

33 

29 

38 

34 

36 

x88a.. 

ri 

% 

3? 

aa 

30 

36 

40 

1§ 

40 

27 

25 

41 

32 

33 

i»3.. 

19 

35 

19 

9 

27 

10 

10 

29 

30 

31 

32 

38 

i884-- 

4 

H 

25 

ao 

17 

34 

29 

31 

24 

35 

24 

25 

16 

38 

^ 

1885.. 
i8W».. 

24 

35 

aa 

4 

xa 

9 

29 

ao 

3 

A 

15 

35 

36 

29 

29 

37 

16 

19 

:i 

14 

a6 

1 

32 

41 

34 

23 

29 

33 

37 

"Stt" 

4 

4 

23 

^ 

24 

16 

30 

24 

3t 

29 

29 

31 

39 

33 

lolw  •  . 

SI 

aa 

a§ 

5 

x6 

ai 

30 

7 

ao 

33 

32 

27 

t 

32 

27 

X889.. 

34 

29 

29 

29 

25 

30 

16 

19 

23 

7 

27 

32 

47 

1890.. 

S 

31 

35 

24 

17 

38 

40 

27 

35 

40 

'f 

24 

15 

32 

27 

I89X.. 

3P 

27 

30 

29 

35 

ai 

31 

33 

33 

36 

17 

24 

30 

33 

Mean. 

24.6 

24-1 

25-7 

a3.a 

23«4 

27-5 

24-5 

26.5 

38.  X 

39.8 

38.4 

29-7 

3X-3 

34.5 

34.1 

Year. 

x6. 

17« 

X8. 

19- 

ao. 

ax. 

aa. 

33. 

24- 

25- 

36. 

27- 

38. 

39. 

30. 

loTO  •  • 

0 

0 

0 

e 

0 

0 

0 

0 

0 

0 

0' 

0 

0 

0 

0 

I87I .. 

41 

■^"' 

39" 

50  * 

'59'** 

"i" 

51 

'47'"' 

'52'** 

';6*"* 

*;6"* 

'55" 

'63'" 

*6;"* 

"70" 

1873  .. 

\ 

3X 

34 

38 

49 

44 

53 

54 

^ 

64 

51 

57 

§ 

t 

1873.. 

^ 

39 

51 

40 

44 

41 

37 

45 

48 

50 

% 

52 

1874.. 

46 

36 

34 

31 

35 

43 

40 

40 

4X 

43 

63 

50 

6a 

73 

22"' 
1876 .. 

ao 

38 

50 

45 

54 

42 

31 

37 

46 

44 

56 

5? 

57 

6x 

63 

» 

34 

34 

39 

44 

48 

48 

50 

52 

» 

50 

58 

71 

58 

70 

1877.. 

aS 

3^ 

4«J 

40 

41 

45 

50 

54 

42 

47 

% 

g 

6j 

X878.. 

41 

42 

41 

47 

50 

49 

58 

S 

52 

54 

54 

1879  .* 

30 

41 

43 

33 

47 

42 

42 

55 

50 

51 

63 

58 

57 

^ 

x8So.. 

39 

40 

42 

5? 

42 

46 

50 

49 

49 

6& 

68 

<6 

68 

65 

64 

i88x.. 

33 

32 

30 

a6 

% 

37 

43 

54 

^ 

47 

64 

08 

55 

59 

73 

i88a.. 

^ 

39 

43 

52 

3^ 

50 

43 

49 

57 

S 

57 

51 

53 

X8B3.. 

a6 

H 

37 

40 

44 

5§ 

47 

42 

45 

47 

52 

22 

5 

55 

X884.. 

38 

46 

42 

40 

37 

48 

41 

44 

56 

55 

54 

54 

51 

iSoD  •  . 

x6 

32 

38 

41 

43 

38 

47 

55 

47 

47 

42 

55 

56 

c8 

56 

45 

4X 

34 

31 

44 

5? 

57 

58 

54 

57 

« 

56 

^ 

03 

6x 

**S" 

39 

32 

i 

40 

52 

56 

42 

45 

50 

59 

56 

59 

65 

58 

x888.. 
1S89.. 

i 

24 
43 

44 
40 

43 
47 

44 
43 

t 

41 
50 

57 
47 

50 
50 

^ 

^- 

48 

.66 

6x 
5X 

59 
49 

X890.. 

39 

39 

3P 

42 

45 

^ 

42 

51 

48 

47 

t 

49 

49 

63 

67 

X891.. 

35 

35 

40 

34 

37 

46 

54 

54 

58 

46 

58 

55 

5* 

52 

Mean. 

33-5 

96.0 

37'4 

40.7 

44*5 

45-2 

46.5 

48.8 

50.5 

49-7 

55-1 

54-0 

57-9 

58.7 

60.8 

42 
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Table  XXn. — Mean  temperatwre  of  Chicago  bypentctds — Contimied. 


Year. 

31. 

32. 

33- 

34. 

35« 

36. 

37* 

38. 

39- 

40. 

4X. 

42- 

43* 

44- 

45- 

0 

0 

0 

0 

0 

0 

• 

0 

0 

0 

0 

0 

0 

e 

• 

1870 .. 

1871 .. 

'75'" 

'68'" 

s 

'66'" 

'66**' 

'66*" 

'73*" 

"77" 

'75'" 

*72*" 

'66'" 

'70*" 

"75  ** 

*7o'" 

'73** 

187a . . 

58 

66 

68 

73 

69 

78 

77 

73 

76 

72 

68 

72 

69 

77 

71 

1873- 

64 

66 

55 

74 

Z7 

73 

69 

64 

71 

74 

72 

74 

72 

71 

n 

1874.. 

63 

67 

63 

73 

80 

79 

74 

79 

73 

76 

73 

73 

n 

69 

77 

1875  •• 

S 

59 

H 

58 

71 

66 

69 

67 

70 

68 

71 

69 

63 

70 

7x 

1876 . . 

66 

68 

6x 

70 

73 

70 

83 

68 

77 

68 

U 

72 

75 

76 

1877.. 

73 

63 

63 

64 

65 

71 

73 

7§ 

73 

11 

70 

74 

72 

70 

1878 . . 

66 

60 

67 

63 

75 

67 

76 

75 

74 

73 

77 

77 

74 

1879.. 

57 

60 

67 

58 

74 

71 

74 

75 

81 

75 

75 

73 

79 

7a 

7X 

1880.. 

63 

66 

75 

64 

76 

73 

69 

75 

81 

73 

67 

71 

70 

72 

7x 

1881 .. 

57 

54 

70 

73 

56 

68 

69 

f6 

71 

71 

69 

68 

78 

77 

76 

1883.. 

52 

^1 

70 

65 

68 

68 

64 

67 

68 

69 

70 

74 

71 

71 

66 

1883.. 

66 

59 

73 

66 

59 

75 

67 

70 

71 

73 

70 

67 

65 

68 

1884.. 

64 

57 

67 

74 

63 

70 

66 

68 

67 

73 

71 

7* 

62 

67 

1885.. 

6a 

60 

r 

69 

63 

68 

66 

76 

67 

71 

78 

Jt 

73 

71 

72 

18S6.. 

63 

71 

68 

67 

67 

65 

72 

?^ 

69 

66 

70 

70 

71 

77 

I^:; 

60 

63 

S 

78 

ti 

^ 

77 

78 

80 

70 

75 

78 

75 

Z* 

56' 

66 

68 

75 

61 

74 

72 

69 

71 

71 

75 

78 

71 

64 

X889.. 

49 

58 

64 

65 

62 

68 

71 

76 

70 

69 

67 

72 

68 

67 

71 

1890.. 

66 

H 

^ 

69 

73 

8x 

73 

73 

73 

71 

69 

73 

H 

73 

66 

X891 .. 

4" 

56 

69 

68 

70 

72 

64 

63 

73 

67 

71 

65 

75 

73 

Mean. 

60.8 

1 

63-3 

65.6 

67.9  i 

1 

69.0 

69.7 

70.9 

72.7 

7a.  0 

72.0 

70.7 

72.3 

72.5 

7X.6 

7X-4 

Sear. 

46. 

47- 

48. 

49- 

50- 

51. 

5a' 

S3- 

54- 

55* 

56- 

57- 

58. 

59- 

60. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 

0 

0 

1870 .. 

1871 .. 

73  " 

71 

69 

'6i"' 

'70'" 

¥' 

59  * 

■58*" 

¥' 

55  " 

.^... 

'60*" 

53 

54 

b9 

1873.. 

11 

78 

73 

63 

? 

60 

6« 

52 

58 

48 

S 

S3 

46 

J873.. 

68 

75 

72 

73 

$5 

68 

n 

56 

63 

57 

50 

57 

45 

22 

1874.. 

73 

74 

71 

71 

69 

76 

03 

65 

55 

54 

5P 

51 

55 

1875.. 

69 

60 

U 

78 

73 

64 

60 

^ 

? 

S3 

S3 

42 

44 

^ 

2 

1876 . . 

74 

74 

70 

5* 

n 

§ 

65 

6x 

50 

49 

44 

S 

56 

1877 .. 

68 

70 

U 

69 

65 

6a 

70 

69 

54 

50 

5X 

56 

1878 . . 

73 

74 

73 

73 

64 

64 

66 

60 

66 

58 

57 

§ 

48 

:i 

1879 . . 

65 

76 

70 

75 

64 

60 

59 

57 

56 

72 

7X 

70 

S3 

1880.. 

73 

74 

79 

74 

% 

60 

61 

63 

63 

§ 

5« 

6a 

5a 

42 

45 

1881  .. 

71 

69 

75 

78 

67 

6a 

66 

74 

c8 

6x 

55 

5X 

55 

1883.. 

73 

76 

l^ 

69 

67 

V 

6a 

58 

6* 

^ 

58 

59 

49 

5* 

1883  . 

70 

73 

66 

70 

63 

58 

67 

61 

g 

§ 

S3 

02 

50 

50 

46 

1884.. 

76 

73 

66 

67 

76 

73 

67 

6a 

71 

56 

57 

56 

43 

1885.. 

67 

70 

61 

63 

58 

63 

66 

68 

65 

66 

46 

fg 

55 

46 

53 

18S6.. 

71 

74 

76 

66 

76 

67 

63 

6a 

7« 

50 

57 

58 

$ 

1^7.. 

68 

67 

60 

69 

71 

u 

63 

64 

58 

5§ 

54 

U 

43 

1888.. 

73 

67 

69 

66 

65 

58 

59 

56 

50 

52 

48| 

S 

SX 

Z889.. 

64 

73 

76 

77 

69 

69 

P5 

52 

57 

57 

50 

56' 

49  / 

44 

1890.. 

67 

68 

67 

64 

73 

63 

56 

57 

54 

56 

60 

60 

3 

48- 

46 

Z891 .. 

73 

68 

6x 

64 

59 

64 

71 

77 

77 

66 

57 

S3 

4S 

sa 

Mean. 

70.3 

71.6 

70.3 

69.6 

68.6 

65-4 

63.0 

6X.4 

6Z.9 

59- X 

96.S 

5S.0 

ss.t 

49-% 

48.a 
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Table  XXII. — Mean  temperature  of  Chicago  bg  pentads — Continued. 


Tear. 


1870 
187 1 
1872 

1873 
1874 

1^75 
1676 

1877 
1878 

1879 

1880 
18B1 
1883 
1883 
X884 

1885 
1880 
if 


II 

X889 

1890 
X891 


Mean 


61. 


62. 


4a 

49 
S» 

44 

44 
60 

4S 
40 
40 

45 
55 

48 
47 

44 
S» 
42 
54 
46 

38 
49 

46.1 


49 
45 
42 
40 

55 

42 
44 
37 
44 
35 

4& 
44 
47 
50 
4» 

46 

46 
48 

52 
39 

42 
41 

44«5 


63- 


64. 


65. 


47 
4a 

44 
41 
S» 

44 

43 
40 

45 
56 

44 
45 

48 

46 
39 
41 
42 
45 

46 
45- a 


30 
32 

44 

38 
44 
48 
45 
52 


36 
25 

47 

38 
39 
42  • 
44 
39 

46 
36 

39-8 


38 

34 
33 

29 
32 

40 
42 
42 
45 
33 

16 

34 
40 

46 
40 

44 
37 
29 
32 
43 

46 
28 

36.0 


66. 


39 
23 
34 
34 
34 

34 
32 
44 
39 
36 

23 

29 

35 
43 
30 

37 
38 

36 

39 
32 

34-5 


67.. 


o 
46 

33 


24 

32 

'd 

39 
40 

27 
45 


32 

40 
27 
24 
37 
25 

36 
19 

30.8 


68. 


42 
18 

29 
33 
40 

43 
27 
35 
35 
44 

36 

38 
45 

38 
19 
37 
35 
38 


§ 


33-4 


69- 


37 
24 

33 

36 
32 

36 
14 

37 
33 
35 

15 
33 
14 
39 
35 

31 
41 
36 
38 

45 
30 
31 

31-1 


70. 


29 
31 
34 

30 

29 
26 

35 

40 

20 

30 
26 

25 
28 
30 

30 
42 

32 

41 

31-2 


71- 


25 

10 

14 
30 

34 

29 

19 
54 

20 
21 

30 
43 
32 
12 

9 

33 
25 
30 

25 
42 

38 
35 

27.7 


72. 


5 
24 

4 
33 
33 

40 

8 
18 

28 
38 
34 
29 

4 

38 

25 
18 

38 

43 

28 
35 

26.8 


73- 


o 
38 

23 

33 

36 

27 

43 
20 

39 
»5 
34 

X 

30 
28 

29 

3 

40 

14 
10 
38 
35 

33 
35 

25«5 


Table  XXIII  contains  the  normal,  or  the  mean  of  all  the  daily- 
temperatures  from  the  beginning,  that  is,  the  mean  of  the  mean 


Fio.  11. — Daily  normal  temperature. 
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daily  temperature  for  January  1  for  20  years  is  taken  as  the  first 
mean,  for  January  2,  as  the  second,  and  so  on.  The  mean  of  succes- 
sive 5  days  has  been  projected  in  Fig.  11.  The  mean  for  the  year  is 
48.6®,  and  this  comes  on  April  23  and  October  24,  that  is,  during  181 
days  the  temperature  is  below  the  mean,  and  for  184  it  is  above. 
The  highest  temperature  occurs  on  July  14,  and  the  lowest  January 
21,  so  that  for  174  days  the  temperature  is  rising  and  during  191  it 
is  falling.  Perhaps  the  most  interesting  point  in  Fig.  11  is  the  well 
marked  "  cold  spell "  in  May.  This  has  been  almost  universally  ob- 
served in  the  northern  hemisphere  toward  the  end  of  the  second  week, 
and  has  received  the  term  "  ice  saint's  days,"  "  May  cold  spell,"  etc. 
The  lowest  point  of  the  "  cold  spell "  occurs  in  this  record  on  May 
13  and  14.  The  rise  or  fall  of  temperature  from  the  first  to  the  last 
day  in  each  month  is  as  follows : 

February,  +S.4?]  March,  +7.4®;  April,  +9.0®;  May,  +12.8®; 
June, +8.6®;  August, —3.2® ;  September,  —11.0®;  October, —13.4® ; 
November,  — 14.2® ;  December,  —4.2®.  This  shows  that  the  rise  in 
temperature  is  fastest  in  May  and  is  a  little  less  than  one  degree  in 
two  days.  The  fall  is  about  the  same  in  October  and  November,  or 
about  one  degree  in  two  days. 


Table  XXIII. — Daily  nomuU  temperahireSf  Chicago, 


Date. 


I • 

2 

3 

4 

5 

6 

I:::::::::::::::-::::::: 

9 

10 

II 

12 

13 

14 

15 

i6 

17 

i8 

19 • 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

ulGUi  ....•■••..•«.. 


0 
i 


O 

26 

23 
24 

24 
25 

24 
24 
24 
22 
22 

u 

24 

22 
25 

23 
22 
23 
23 
23 

22 
22 
21 

23 
25 

28 
28 

24 
26 
28 
25 

24.1 


1^ 


o 

23 

24 
24 


26 
31 

30 
28 
26 

25 
29 

30 

30 
30 
28 

27 

28 
28 
26 
30 
30 


31 


27.7 


33 
32 
29 

29 
32 

35 
32 
35 
35 
36 

36 
34 
34 
34 
34 

33 

34 
35 
34 
32 

32 
34 
35 
35 
37 

$ 

35 

37 
40 

34»J 


39 
39 
42 
41 
43 

44 
43 
4! 


45 

44 
45 
46 
48 
44 

42 
45 

46 
48 

48 
50 
49 
47 
49 

51 
51 
50 
48 
48 


45*8 


47 
49 
51 
51 
52 

52 


56 
56 

56 
55 

52 
53 
53 

56 
58 
58 
61 

59 


58 
62 

59 

^61 
61 
61 
62 
61 
60 

56.3 


1^ 


61 

63 
63 

62 
62 
64 
62 

63 

tl 

68 

66 
67 


69 

66 
68 
71 

69 
70 
71 
69 
69 
71 


66.3 


o 

I 

I 

3 
o 

2 

3 

4 

5 

3 
I 

2 

4 

2 

4 
5 

4 

2 

o 
o 
o 

o 
I 
I 

2 

3 

'2 

3 
3 

7 

4 
3 


72.3 


00 

0 
< 


73 
72 
72 
72 

71 

71 
72 

:72 

71 
70 

72 
72 

71 
70 
70 

1 70 
1 70 
1 72 

73 
72 

72 

69 
70 

70 
71 
71 
70 
70 
70 

71.0 


6 


i 
i 

69 
70 

68 

% 

64 

64 

65 
62 

62 

64 

62 

6a 
62 
61 
59 

61 
61 
62 

63 
61 

59 


63.5 


S 
8 


o 

58 


56 
55 

54 

57 


55 

55 
55 

54 
53 
54 

52 
52 

49 
51 
5» 

51 
50 
48 
48 

49 

47 
46 
49 
•47 
45 
44 

53*2 


« 
o 


45 

44 

44 

45, 

44 

45 
45 
44 

44 
42 
40 


39 
39 
37 


34 
32 
34 

35 
33 
29 
27 
30 


38.7 


u 

a 


3f 
33 

34 
33 
32 

32 
30 
3P 
29 
32 

32 
33 
33 

38 
26 
26 
28 
30 
28 

U 

28 
28 

28 
25 

'i 

29 

2^5 
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ACCUMULATED  TEMPERATURE. 

If  we  subtract  the  temperature  for  each  succeeding  day  and  make 
th^  algebraic  sum  with  the  sum  for  the  preceding  days,  we  shall  have 
what  may  be  called  the  increase  or  accumulated  change  in  tempera- 
ture. Table  XXIV  exhibits  the  normal  accumulated  temperature  for 
the  middle  and  last  days  of  each  month. 

Table  XXIV. — Ncmidl  (tccumtdaied  temperaiures. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

o 

44 
44 

• 
Sept. 

Oct. 

Nov. 

Deo. 

i»th 

o 
—I 

—X 

o 

3 
5 

o 

8 

H 

o 
i8 

22 

o 
34 

o 

43 

45 

o 

49 
47 

o 

38 
33 

o 

28 

x8 

o 
la 

4 

o 

4 

lit;;.:;;;::;;::::.:;;:; 

3 

On  making  a  similar  summation  for  any  year  we  can  tell,  by  com- 
paring with  this  table,  whether  there  has  been  an  excess  or  deficiency 
in  the  temperature. 


HIGHEST  AND  LOWEST  TEMPERATURES. 
TiC^LE  XXV. — Maximum  and  minimum  tempercttureafor  Chicago, 

MAXIMUM. 


1873. 

1873- 
1874. 

i>»75. 
1870. 

1877. 
1878. 
1S79. 
1880. 
1881. 

1882. 
1883. 
1884. 
1885. 
1886. 


It 
1889. 
1890. 
1891. 


Years. 


Jan. 


Feb. 


44 
65 

56 

49 

49 
61 

41 

58 
40 
49 
50 
48 


52 

44 

II 

54 


t 


53 
56 

'3 

58 
55 

63 
51 

62 

57 
53 

58 
47 
48 


Mar. 


60 
64 
73 
69 

65 
68 

60 
48 

62 


70 

68 

64 
68 

56 
57 


Apr. 


83 
67 
72 
70 

78 

80 
77 

76 
78 

I? 

82 

83 
73 
75 
75 


May. 'June. 'July. 


87 
89 
75 
87 

86 
78 
87 
85 
87 

76 
80 

78 
80 
82 

86 
81 
88 
86 
81 


o 

98 
92 

?f 

88 


87 
85 
87 
91 
89 

88 

84 
86 
88 
87 

96 

9a 
88 


97 
93 

93 

91 
97 
93 
95 
93 

90 

94 
94 

ICO 

94 
90 


Aug. 


93 
92 

9a 

89 
91 
91 


Sept. 


89 
87 
78 

8b 
87 
83 
85 
94 


87 

87 

89 

84 

§5 

89 

81 

92 

86 

98 

93 

11 

88 
84 

96 

88 

96 

91 

Oct. 


8x 


73 
73 

80 

79 
84 
78 
77 

77 

? 

69 
79 

82 

'76 

79 

U 


Not. 


59 
59 
72 


58 
57 
69 
65 
64 

72 
62 

64 
66 

67 
75 

I 

60 


Dec. 


46 
60 

45 

67 
46 
62 
50 
59 

45 
57 


53 

53 
57 


MINIMUM. 


T872. 

1873. 
1874. 

1875. 
1876. 

1877. 
1878. 
1879. 
1880. 
1881. 

1882. 
1883. 
18H4. 
1885. 
1886. 

1887. 
1888. 
1889. 
1890. 
189Z. 


— x6 

—  6 
— 20 

4 

—  4 

—  I 
—18 

19 
-13 

X 

—17 
—18 

—13 
—14 

-15 
-17 
sero 

—  5 
xo 


— x8 

9 

-13 

—  3 

21 

17 

—  6 

12 

8 

xo 

—  9 

—  3 
—14 

—  6 

=.i 

—II 


— X2 
17 

9 
xo 

5 
19 

XX 

22 

xo 

—  I 

4 
15 

9 

—  I 

20 
aero 

7 


25 
22 

17 
32 

27 
36 
17 
27 
X7 

25 
28 

31 
27 

23 

19 
30 


23 


3§ 
38 

27 

35 


39 
37 
37 

^ 

40 
34 
40 

42 

36 
34 
35 


51 
44 
46 
40 
47 

45 
50 
43 
52 
46 

42 
48 
47 
42 
49 

48 

43 
42 
52 
44 


52 


56 
57 

57 
59 
60 

57 
57 

55 

51 
54 
53 
55 

6x 
56 

56 
55 


47 


52 

54 

55 
57 
52 


51 
54 
51 
55 

53 

49 
51 
54 
51 
49 


37 
41 
44 
40 

37 

44 
43 
39 
40 

49 

42 
42 

51 
47 
42 

36 
35 


37 

23 

30 

30 
28 

35 
27 
28 

28 

41 
40 

38 
28 

36 
32 

14 
32 

28 
33 


~  2 

8 

aero 

Bero 

14 

16 

I 

14 

21 
10 

28 
16 

—  X 
20 
12 

27 
3 


—  23 

13 
I 

—  I 

—  H 

22 

—  9 

—  3 

—  15 
13 

—  7 
aero 

II 

—  3 

—  10 

—  5 
15 
15 

8 

9 
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Table  XXV  gives  the  highest  and  lowest  temperatures  observed  in 
each  month  during  which  maximum  and  minimum  thermometers 
were  in  use.  The  highest  temperature  during  the  20  years  was  99.6®, 
on  July  17,  1887,  and  the  lowest  was  —23^  December  24,  1872. 

Table  XXVI  shows  the  number  of  times  during  each  month  that  the 
maximum  was  below  32®  or  above  90®,  and  the  minimum  below  32®. 

Table  XXVII  gives  the  dates  on  which  the  minimum  temperature 

was  — 15®  or  below,  at  the  Weather  Service  thermometer.    We  see  that 

this  temperature  was  reached  but  16  times  in  the  20  years,  or,  we  may 

say,  that  on  the  average  we  can  expect  such  temperature  once  a  year. 

Table  XX  VII. — Dates  on  which  tJie  minimum  temperature  was  — 15^  or  below  at  Chi' 

eago  from  June  12,  1872,  to  December  81,  1890. 


Year. 

Date. 

Remarks. 

Tear. 

Date. 

Remarks. 

1872.. 
1873.. 
1874- • 

1876.. 

1878.. 
1879*. 
1880.. 
x88l . . 

Deo.  22, 23i  and  24. 
Jan. 29;  Feb. 23... 
Kone 

Lowest,  —6^,  Jan.  15. 

Lowest,  ~i4°,  Dec.  9. 

Lowest,  — 40,  Jan.  23. 
Lowest,  — 90,  Dec  24. 

Lowest;  — 13O,  Jan.  14. 

1882.. 
1883.. 
1884.. 
1885.. 

1886.. 

1889!! 
X890.. 

None  

January  21  and  22. 

January  5 

None..... 

Lowest^  ^0,  Deo.  8. 

January  9 

Lowest,  -^149,  Feb.  10 
and  Ti. 

None 

...do 

...  do  .•••.•..•.«■*. 

Lowest,  — X40,  Jan.  23. 

...do , 

January  3  and  7  .. 
Jan.  16;  Feb.  9... 
^one  ....  ........ 

...do  ..•••.••. 

Januarv2and3... 

December  29 

None 

Lowest,  — ii®,  Feb.  23. 
Lowest,  — 50,  Jan.  as. 

t 

Table  XXVIII  gives  the  dates  on  which  the  maximum  temperature 
was  90®  or  over.  There  are  121  cases  in  the  19  years,  or  about  6  each  year. 
1875  had  no  case ;  1882  and  1884,  one  each ;  and  1877  and  1889,  two  each. 


Table  XX  VIII. — Dates  on  which  the  maximum  temperature  was  90®  or  ahone  ai  Chi- 
cago from  June  12,  1872,  to  December  81,  1890. 

Tear. 

Date. 

Tear. 

Date. 

Tear. 

Date. 

Tear. 

Date. 

1872.... •• 

June  18 
June  19 
June  20 
June  27 
J  une  28 

June  30 
July    I 
July    2 
July    9 
July  15 

Aug.    6 
Aug.    7 
Aug.    8 
Aug.    9 
Aug.  20 

Aug.  31 
Sept.   5 
Sept.   6 
June  19 
June  23 

July  16 
July  17 
Aug.  22 
Aug.  24 
Aug.  31 

June  8 
June  22 
June  23 
June  27 
June  28 
July    3 

1874, 

July    6 
July    7 
July  14 
July  19 
July  25 

Aug.  II 
Aug.  17 
Aug.  19 
Aug.  20 
Aug.  21 

None. 
July    6 
July    7 
July    8 
July    9 

July  17 
July  19 
Aug.  23 
Jufy    8 
July  15 

July  16 
July  17 
July  20 
Aug.    8 
July    3 

July  10 
July  II 
July  14 
July  15 
July  x6 

Aug.    2 
June  II 
July  10 
July  IT 
July  12 

July  13 
Aug.  il 
Jury    5 
July    7 
July    8 

July    9 
July  12 
Aug.    3 
Aug.    4 
Aug.  II 

Aug.  12 
Aug.  30 
Sept.   5 
Sept.   6 
July  27 

July    2 
July    3 
Ju  y    4 
July  22 
Aug.  19 

July    8 
July  19 
July  20 
July  28 
July    6 
July  25 

1886 

July  2S 
Aug.  21 
June  x6 

187a 

'"/"T*  ......... 

1874 

jOQ^ ^ 

1886 

1872..... 

*"l'y'  ......... 

l87A 

IS8O 

1887 

AO/^..... 

1872. .......... 

1874. 

1880 

&WW/ .........a 

1887 

June  17 
July  12 

July  16 
July  17 
July  27 
Aug.    3 

Aug.    9 
Aug.  10 
Sept.   6 
June  20 

1872 

.u/a,^.  ......... 

l87A 

1880 

1887 

1872 

*"/^* ......... 

1874 

1880 

&UU/ .......... 

1887 

1873 , 

* "/ f. ........ 

1874 

1880 

.uw/ .......... 

1887 

1872..... 

<U/<|,.  ........  . 

1874 

I88I 

1887 

1872...... 

*  •-»/  ............ 

I87A 

1881 

1887 

X872 

•  «•/■,.......... 

1874 

I88I 

1887 

1872 

i87s* 

I88I 

. w/   .......... 

1887 

1872........... 

. u/ J  ......... 

1876 

i88i 

1887 

1872 

1876 

1881 

1887 

X872 

1876 

1881 

1888 

X872.... ....... 

1876 

1881 

1888 

July    3 

July  -6 
July  30 
July  31 

J*a"Py   1 

July    9 
June  28 

1872 

AU/W. .. ....... 

1876 

1881 

1888 

*r'* 

1872... 

1876 

i88i 

1888 

A<7/«.  .......... 

1872 

1876 

1881 

1888 

1871 

1877 

1881 

I88S 

lO/J. .......... 

i9n\ 

»u//    .......... 

1877 

1882 

i88q 

AO/J.  ...  ....... 

l87«..,,, 

1878 

i88^ 

«uvy . ......... 

1889 

187%...... 

a  v/ w.. ........ 

1878 

i88^ 

1800 

iRfX. 

1878 

188-? 

z^ 

1800... 

June  29 
June  30 
July    7 

July  14 
July*  39 
July  30 
Aug.    a 
Aug.    % 

T87t 

1878 

188^ 

Aciyv.  ......... 

1890 

lO/^. .......... 

iRf-i 

* v/ u. ......... 

1870 

1884 

1800 

I^^...... 

*"/J»*  ......... 

1870 

i88«i 

Aoyw... ...... . 

i8qo.......... 

t87A 

1870 

188s 

*Ncn'"  ......... 

1800 

AU/^. .......... 

t87A. ,. 

**  /y ......... 

l87Q. 

188s 

.uyv.......... 

1800 

10/^. .......... 

1871 

1870 

i88s 

ACK^.  .......a. 

i8qo.. •.•••... 

10/^. .......... 

l87A. .......... 

*"/y* ......... 

1870 

1886 ,,, 

lovu.......... 

i8oo.......... 

1874. 

vu/y • ......... 

1886 

Aoyw. ..a...... 

**'/*•  .......... 

•Highest,  880,  July  15. 
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CLi:WATE  OP  CHICAGO. 


COLD  WAVES. 

A  cold  wave  may  be  considered  as  one  in  which  the  temperature 
fall  is  18®  or  more  in  24  hours,  and  the  point  reached  is  34^  or  below. 
Table  XXIX  exhibits  all  the  cases  of  such  cold  waves  in  the  21  years 
here  included.  There  were  179  in  all,  or  less  than  9  per  year.  The 
distribution  by  months  was  as  follows : 

January,  58;  February,  43;  March,  18;  April,  6;  October,  2; 
November,  20 ;  December,  32.  The  latest  ever  noted  was  on  April  22, 
1872,  and  the  earliest,  October  10  of  the  same  year. 

Table  XXIX. — DcUea  on  which  theT  orSa.m,  temperature  hadfaUen  18®  or  more  in 

24  hpurs,  and  to  Si?  or  below. 


Year. 


1870. . , 

1871... 
1871... 
X871... 
1871..- 

1871... 
1871... 
1871... 
1872... 
X872... 

1872... 
1872.., 
1872.., 
1872. . , 
1872.., 

1872.., 
1872... 
1872.., 
1872... 
1873.. 

1873.. 
1873.. 
1873.. 
1873- • 
1873.. 

1873.. 

1873.- 

1873.. 

1874. 

1874.. 

1874.. 
1874.. 
1874.. 
1874-. 
1874.. 

1874.. 
X875.. 
1875.- 
X875.. 
1875.- 

1875.. 
1875.. 
1875.. 
1875.. 
1875.. 


t)ate. 


Year, 


Not.  14 
Jan.  6 
Feb.  9 
Feb.  18 
Dec.  4 

Dec.  8 
Dec.  20 
Dec.  27 
Jan.  23 
Feb.  Z4 

Feb.  25 
Mar.  15 
Mar.  20 
Apr.  22 
Oct.  xo 

Nov.  14 
Nov.  27 
Dec.  9 
Dec.  15 
Jan.  4 

Jan.  17 
Feb.  19 
Feb.  21 
Mar.  3 
Mar.  16 

Mar.  20 
Oct.  28 
Dec.  4 
Jan.  5  , 
Feb.  9  jl 

Mar.  4 
Mar.  8 
Nov.  18 
Nov.  24 
Dec.  14 

Dec.  29 

Jan.  9 

Jan.  X4 

Jan.  22 

Jan.  25 

Feb.  3 
Feb.  4 
Mar.  16 
Apr.  16 
Nov.  2X 


875. 
875 
875 
876, 
87O. 

876, 
876, 
876, 
876 
876 

876 
876 
876 
877 
877 

877 

877 
878 

878 

878 

879 
879 

879 
880 

880 

880 
880 
880 

880 
880 

880 
881 
881 
881 
88z 

881 

881 
882 
882 
882 

882 
8S2 
882 
882 
882 


Date. 


Nov. 
Nov. 
Dec. 
Jan. 
Jan. 

Jan. 
Jan. 
Feb. 
Feb. 
Feb. 

Feb. 
Dec. 
Dec. 
Jan. 
Jan. 

Mar. 
Apr. 
Jan. 
Jan. 
Dec. 

Jan. 
Nov. 
Dec. 
Jan. 
Jan. 

Jan. 
Feb. 
Mar. 
Apr. 
Nov. 

Dec. 
Jan. 
Jan. 
Jan. 
Feb. 

Dec. 
Dec. 
Jan. 
Jan. 
Jan. 

Jan. 
Jan. 
Feb. 
Feb. 
Feb. 


a4 
29 

17 
6 

10 

19 
29 

2 

4 

14 

22 
9 

15 
8 

20 

4 
2 

5  I 
23  1 
23  1 

2! 
29  ' 

nl 

10  I 

X2  I 

31! 

29  I 

8  > 

11  I 

21  1 


Year. 


28 

7 
10 

14 
28 

I 
14 

9 
14 
17 

22 

29 
8 

17 
22 


X882 

1882 

883 

883 

883 

883 
883 
883 
883 
883 

883 
883 
883 
883 
884 

884 
884 
884 
884 
8S4 

884 
884 
884 
884 
884 

885 
885 
885 
885 
885 

885 
885 
885 
886 
886 

886 

886 
886 
886 
886 

886 
886 
886 
887 
887 


Date. 


Nov.  24 
Dec.  7 
Jan.  14 
Jan.  z8 
Jan.  20 

Jan.  u 
Feb.  I 
Feb.  17 
Feb.  21 
Mar.  7 

Mar.  19 
Deo.  8 
Dec.  15 
Dec.  27  I 
Jan.  3  I 

Jan.  ao  j 
Jan.  24  ' 
Jan.  31 
Feb.  14 
Feb.  20 

Feb.  28 
Mar.  12  I 
Nov.  24  , 
Nov.  26  , 
Dec.  31  , 

Jan.  z  ; 
Jan.  13 
Feb.  xo  ' 
Feb.  z6  : 
Apr.  8  I 

Nov.  13  t 

Dec.  II  ; 

Dec.  15  j 

Jan.  xo  I 

Jan.  17  I 

Jan.  23  ; 
Feb.  20  ' 
Feb.  26  ; 
Nov.  x8 
Nov.  24  I 

Dec.  2  I 
Dec.  IS 
Dec.  27  i 
Jan.  I  ' 
Jan.  10 


Year. 


887 

887 

1887 

887 

887 

887 

887 

887 

887 

887 

g7 

887 

887 

887 

888 

888 

888 

888 

888 

888 

888 

888 

888 

888 

888 

000. ..*.••• 

888 

889 

889 

889 

889 

889 

889 % 

889 

889 

890 

890 

890 

890 

890 

890 

890 

890 


Date. 


Jan.  x8 
Jan.  ai 
Jan.  a6 
Feb.  4 
Febb  9 

Feb.  xa 
Feb.  xo 
Feb.  27 
Apr.  4 

Nov.  ao 

Nov.  2S 
Dec.  5 
Dee.  21 
Dee.  aS 
Jan.  IX 

Jan.  x8 

Jan.  a6 

Feb.  6 

Feb.  8 

Feb.  15 

Feb.  ao 
Feb.  a6 
Mar.  3 
Mar.  IX 
Mar.  ao 

Mar.  aa 

Nev.  x6 

Jan.  xo 

Jan.  17 

Jan.  ax 

Feb.  s 
Feb.  xa 
Feb.  a3 
Dec  as 
Dec  30 

Jan.  6 
Jan.  tx 
Jan.  16 
Jan.  ao 
Jan.  a4 

Feb.  5 
Feb.  h 
Mar.  X 
Nov.  xo 


VARIABILITY  OF  TEMPERATURE. 


If  we  subtract  the  mean  temperature  for  each  day  from  that  for 
the  preceding  day  and  add  the  differences  without  regard  to  signs, 
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and  then  divide  the  sum  by  the  number  of  days  in  the  month,  we 
shall  obtain  what  has  been  called  the  '^variability"  of  temperature. 
This,  for  each  month  of  1888-1891,  is  as  follows : 

January,  7.1° ;  February,  8.4° ;  March,  5.7°;  April,  6.7°;  May,  6.8°; 
June,  5.0° ;  July,  4.4° ;  August,  3.9° ;  September,  4.4° ;  October,  4.8° ; 
November,  5.0° ;  December,  5.9°. 

We  see  that  the  variability  is  much  greater  during  the  months  of 
rising  than  falling  temperature,  in  the  ratio  6.5 : 4.7.  This  shows  a 
rather  mild  and  favorable  condition  during  the  aut|imn  months  for 
Chicago. 

It  is  of  interest  to  compare  the  variability  at  a  number  of  stations 
widely  distributed  over  this  country.    Table  XXX  gives  these  values. 

Table  XXX.^rariabmy  of  temperature  from  1881  io  1887. 


T 


station. 


Cblcaffo 

Asainaboine 

BrownaTille 

Charleston 

Cincinnati • 

Denver 

K.ey  west.  .•••*•.  a 

New  Orleans 

Omaha 

Saint  Vincent 

Salt  Lake  City.... 

San  Francisco 

Tatoosh  .... ...... 

Washington,  D.O.. 


Jan. 


o 

8.  a 
7.  a 
6.8 
6.x 
8.0 

9.3 
a.  9 
6.  a 
8.6 
9.a 

4- a 

3-5 
5-9 


Feb. 


o 

7-1 
6.5 
5- a 

f:S 

6.5 
^•3 
4-7 
7-9 
9-4 

4-5 
a.  a 
a.  a 

6.3 


Mar. 


f 


o 

5-5 
4-7 
4-4 
.0 

7 
6.1 

3'4 

U 

7.7 

3-7 

a.z 

x-7 
5-4 


Apr. 


o 

5-6 

4.7 
3-0 

3-8 
4.8 


i 


5-1 
x-7 
.1 

4 
5-5 

4-5 
1.9 

x-5 
5.0 


May. 


o 

5-5 
4-1 
1.9 
a.  7 
4.  a 

4.6 

1.3 
1.9 
4.6 
5-4 

4-7 
a.  4 

1.6 
4-5 


June. 


o 

5-6 
4.0 

x-3 
a.4 

3-5 

3-4 
1-3 

^•! 

4.6 

1:1 


July. 


o 

4.1 

3-3 
i.o 

1-7 
2.5 

3-5 
I. a 

1.6 

3.6 

3-4 

U 

z.a 
31 


Aug. 


3-3 
3-1 
1-4 
1.9 
a.  8 

3.0 
X'3 
i'5 
3-7 
4-4 

1.6 

x-7 
a.  9 


Sept. 


4-3 
3-8 
1.9 
1.9 

3-5 
4-3 

U 

4-9 
5-1 

4.0 
a- 4 


Oct. 


o 
4.6 

2.6 

3- a 

4.4 


5- 
I. 

a. 

5- 
5- 


4' 2 

a.x 


Not. 


4 
7 
7 
7 


6.  a 

6.Z 
1.8 
4-3 

6.3 

3-7 

1-7 
X.9 

5-2 


Deo. 


o 

6.6 
6.5 
5-7 

0.4 

a.  8 
5.6 
3 

4 


I 


3-3 
a.o 
a.3 

5-5 


Tear. 


4.8 

3-3 
3-7 

U 

tl 

3-9 

a.o 

1.7 
4.7 


The  variability  is  about  the  same  for  stations  within  two  hundred 
miles,  since  this  is  dependent  upon  the  storms  and  cold  waves  which 
pass  over  this  region. 


HOURLY  TEMPERATURE. 


Tables  XXXI  and  XXXII  give  the  hourly  temperatures  observed 
with  a  thermograph  during  1890  and  1891 ;  also  hourly  pressures  given 
by  a  barograph.  In  Pig.  12  are  given  what  are  called  "  chrono- 
isotherms,"  or  a  delineation  of  the  hourly  temperatures  according  to 
the  months  of  the  year.  The  relation  of  the  temperature  march  by 
months  is  shown  still  more  strikingly  in  Fig.  13,  in  which  the  mean 
for  each  month  has  been  subtracted  from  the  temperature  for  each 
hour,  and  this  departure  has  been  charted  with  the  months  in  com- 
bination. The  times  of  sunrise  and  sunset  are  given  in  the  dotted 
lines  on  the  left  and  right. 
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Fio.  12.-^ChronO'isothenns,  Chicago,  1890  and  1891. 


Fio.  IS.-'Departure  of  mean  temperature  for  each  hour  from  the  m^eanfor  the  dasf  (U 

Chicago  for  1890. 
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We  see  very  clearly  shown,  in  Fig.  13,  the  effect  of  the  lake  breezes 
in  keeping  down  the  afternoon  temperature.  The  curve  of  4°  snowing 
the  maximum  departure  is  below  August,  and  quite  small.  The  effect 
of  the  lake  in  moderating  extremes  of  temperature  will  be  shown  best 
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Pi«.  14. — Departure  of  mean  temperature  for  each  hour  from  the  meanfw  the  day  at 

Eastport,  Me.,  for  1890. 

by  comparing  the  conditions  here  with  those  at  other  stations  situated 
on  the  ocean  or  lakes.     Fig.  14  is  for  Eastport,  Me. ;   Fig.  15,  Buf- 


Fitt.  15. — Departure  of  mean  temperature  for  each  hour  from  the  mean  for  the  day  at 

Buffalo,  N.  r., /or  1890. 
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Fio.  16. — Depa/rture  of  mean  temperahtre  for  etich  hour  from  the  mean  for  the  day  at 

Boston,  Mass,,  for  1890. 


Fig.  17.— i^^par^ure  qfmean  temperature  for  each  hour  from  the  mean  for  the  da^f  at 

Saint  Louis,  Mo,,  for  1890. 
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Fiii.  iS.— Departure  nf  m 

falo,  N.  Y.;  Fig.  16,  BoBton,  Mass.;  Fig.  17,  Saint  Louis,  Mo.;  and, 
by  contrast,  Fig.  18  is  given  for  Yuma,  Ariz.  It  will  be  seen  that  at 
all  these  stations  the  range  from  the  lowest  morning  temperature  to 
the  highest  in  the  afternoon  is  less  for  Chicago  than  for  any  other. 
The  extreme  range  of  about  29°  at  Yuma  and  about  11°  at  Buffalo 
correeponde  to  one  of  only  8°  at  this  station. 

PRECIPITATION    AT  CHICAGO. 

Consistent  records  of  rain  and  snow  fall  can  scarcely  be  said  to 
begin  at  Chicago  before  January,  1867.  Prior  to  that  date  observa- 
tions of  this  element  were  taken,  and,  in  some  cases,  records  were 
kept  for  one  or  more  months,  but  never  for  a  whole  year.  The  cases 
in  which  monthly  values  have  been  preserved  are  the  following : 

1844,  March  and  April ;  1856,  November  and  December ;  1857,  Jan- 
uary to  June,  inclusive;  and  1862,  October. 

Banning  with  January,  1867,  observations  were  taken  by  several 
observers  repotting  to  the  Smithsonian  Institution.  This  series, 
which  may  be  distinguished  as  the  Voluntary  Observers'  period,  was 
maintained  without  interruption  to  and  including  August,  1871 ;  re- 
sumed in  February,  1872,  it  was  continued  through  December,  1874, 
with  the  single  exception  of  March  of  the  latter  year. 

Examining  the  overlapping  period  of  the  two  systems  of  records, 
the  differences  shown  in  Table  XXXIII  are  found ;  in  this  the 
Weather  Service  has  been  considered  the  standard  record,  and  the 
amount  of  divei^nce  of  the  Voluntary  Observers'  record  is  given 
with  the  sign  appropriate  to  its  direction. 
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Table  XXXIII. — Difference  between  Weather  Service  and  Voluntary  Observers^  record. 


1871 
1872 

1874 


Year. 


January. 


+♦.64 


ts: 


03 
93 


February. 


March. 


+0-77 
—0.15 

— o.oo 

4-I-80 


—0.8a 
— 2.10 
+0.48 


April. 


—0.35 

—3.12 
—1.88 


May. 


+0.31 
4-0.04 

4-1-90 
— 1.06 


June. 


4-0.03 
— O.04' 

to,3e 
3-95 


July. 


4-0.05 
—0.09 

4-1*12 


1871. 
1872. 

1873. 
1874. 


Year. 


August. 


September. 


October. 


November.      December. 


Annual. 


>.  10 

4-0.22 
—1.45 


4-o.6r 
—0.13 
—0.46 


0.00 

-I- 13 

-1.85 


4-0.19 
4-0.89 


03 


4-1.38 
-1.54 
— o»6i 


4-2-15 
— 2.19 


Combination  of  these  two  systems  gives  for  Chicago  a  period  of  24 
years  during  which  observations  have  been  directed  upon  the  precipi- 
tation. Any  attempt,  such  as  the  present,  to  arrive  at  an  estimate  of 
the  precipitation  in  the  period  prior  to  the  beginning  of  observation, 
must  depend  on  the  character  and  extent  of  the  records  maintained 
at  stations  sufficiently  near  to  be  considered  typical  of  the  same 
climatic  district,  and  at  the  same  time  overlapping  the  existing 
records  of  the  place  under  examination  to  such  an  extent  as  will 
admit  of  establishing,  at  least  approximately,  a  ratio  of  variation. 

It  should  be  noted  that  these  values  for  precipitation  in  Table 
XXXIV  can  not  be  considered  entirely  satisfactory,  not  only  because 
of  the  difficulty  of  extrapolating  the  values,  but  also  because  the 
rain  gauges  have  not  always  had  a  good  exposure.  A  correct  value 
of  the  precipitation  for  this  station  is  still  a  great  desideratum. 

The  rainfall  by  lustra,  or  Sryear  periods,  is  as  follows:  1871-1876, 
33.56  inches;  1876-1880,  37.59  inches:  1881-1885,  42.07  inches; 
1886-1890,  30.88  inches. 


HEAVY   PRECIPITATION. 

In  order  to  obtain  an  idea  of  the  number  of  heavy  rains  that  have 
fallen.  Table  XXXV  has  been  prepared,  which  gives  the  dates  on 
which  a  precipitation  of  .75  inch  or  more  occurred  in  8,  or,  since  July, 
1888,  in  12  hours.  There  are  167  cases  in  the  20  years,  or  about  8 
per  year.     The  distribution  by  months  is  as  follows : 

August 19 


January 3 

February 5 

March 8 

April 14 

May 20 

June 21* 

July.. 30 


September 17 

October 19 

November 6 

December 5 


Total. 


167 


HEAVY  PRECIPITATION. 
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TiBLB  XKXrV.^PredpUoHonfrom  1848  to  1891,  Chioaga. 
(All  observed  Talaee  are  gtven  to  hondredths.) 
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Table  XXXV. — DcsUa  on  which  .76  inch  or  mere  preeipitaHon  occurred  tn  8  or  12 

hours. 


Tear. 


1871. 
X871. 
Z872. 
1872. 
Z873. 

1872. 
1872. 
1772. 
1872. 
1872. 

1872. 

1873. 
1873. 
1873. 
1873. 

1873. 
1873. 
1873. 
1873. 
1873. 

1874. 
1874. 

1874. 
1874. 
1874- 

1874. 
1874. 
1875. 
1875. 
1875- 

1875. 
1875. 
1875- 
1875- 
X875. 
1875. 

1876. 
X876. 
1876. 
1876. 
1876. 
1876. 


Date. 


Jane  17 
JuJy  4 
Mar.  30 
May  22 
May  29 

June  6 
June  13 
July  80 
Aug.  28 
Sept.  12 

Sept.  28 
ARril  XI 
May  z 
May  9 
July    4 

Sept.  38 
Oct.  4 
Dec.  9 
Dec.  II 
Dec.  12 

Mar.  3 
Apr.  20 
June  7 
June  8 
Aug.  21 

Sept.  4 
Oct.  28 
May  I 
June  z 
June  21 

July  5 
July  6 
July  27 
Aug.  15 
Sept.  9 
Oct.   29 

Jan.  x8 
Feb.  9 
Mar.  16 
Apr.  13 
June  z 
June  8 


Year. 


876. 
876. 
876. 
876. 
876, 

877. 
877. 
877. 

877 
877. 

877. 
877. 

877. 

878. 

878. 

878. 
878. 
878. 
878. 
878. 

879. 
879. 
879. 
879. 

879. 

879. 
879. 
879. 
879. 
879. 

880. 
880. 
880. 
880. 
880. 
880. 

880. 
880. 
881. 
881. 
881. 
881. 


Date. 


June  16 
July  10 
Aug.  24 
Aug.  30 
Sept.  13 

June  8 
June  35 
July  2 
Aug.  14 
Sept.  36 

Oct.  3 
Oct.  19 
Not.  8 
Mar.  28 
May   18 

May  39 
July  36 
Aug.  z8 
Aug.  35 
Sept.  35 

Mar.  6 
Apr.  9 
May  35 
June  31 
July    6 

July  7 
July  9 
July  31 
Oct.  I 
Not 


Tear. 


.3 


Mar. 

V 

Apr. 

16 

Apr. 
May 

8 

May 

10 

July 

8 

Oct. 

I 

'  Oct. 

3 

Feb. 

7 

Mar. 

»9 

June 

7 

June 

13 

I88I 

I88I 

I88I f 

I88I 

1881 

1881....... 

1883 

1883 

z883 

1883 

1883 

1883 

1883 

1883 

1882 

1883 

1882 

1882 

1882 

1883 

1883 

1883 

1883 

1883 

1883 

1883 

1883 

1883 

1883 

1883 

1883 

1883 

4884 

18S4 

1884 

1884 

X8S4 

1884 

188s 

1885 

1885 

1885 


Date. 


July  3x 
Sept.  24 
Oct.  n 
Oct.  14 
Nov.  II 

Dec.  31 
Feb.  28 
Apr.  5 
Apr.  9 
Apr.  33 

Apr.  36 
14jky  6 
May  37 

June  3  I 
June  30  ; 

July  31 
Aug.    I 

^"«-  ^3  , 
Out.     8  I 

Feb.  16  I 

May-  9 
May  10 
June  18 
July    4 

July  31 
July  33 
Aug.  37 
Oct.  3 
Oct.   35 

Oct.  39 
Not.  5 
Mar.  35 
Apr.  15 
July  34 
Aug.  38 

Sept.  37 
Oct.  8 
Jan.  6 
Apr.  17 
May  a9 
June   3 


885. 
885. 
885. 
885. 
885. 

885. 
885. 
S85. 
886. 
886. 


Date. 


July  9 
Aojr.  3 
Aug.  23 
Aug.  24 
Sept.    8 

Oct.  19 
Not.  5 
Dec  8 
Aug.  z6 
Sept.   9 

886 Sept.  18 

886 Sept.  19 

887 '  Jan.   23 

887 1  Fehu   17 

887 Aug.  XX 


887. 
888. 
888. 
888. 
888. 

888. 
889. 
889. 
889. 

889. 

1889. 
889. 
889. 
889. 
889. 

889. 
890. 
890. 
890. 
1890. 
890. 

1890 
890. 
890. 
890. 
890. 


Aug.  14 
May  37 
May  a8 

Jufy  4 
July    9 

July  31 
May  13 
May  17 
July  3 
July  14 

July  19 
July  37 
July  38 
Sept.  4 
Sept.   5 

Oct.     13 

Apr.  13 
Blay   zo 

June  3 
June  XI 
July  x4 

Aug.  ai 
Sept.  8 
Oct.  6 
Got.  a6 
Not.  17 


To  obtain  an  idea  of  the  cases  of  precipitation  of  2.50  inches  or 
more  in  24  hours,  Table  XXXVI  has  been  prepared.  This  shows  15 
cases  in  20  years,  by  months : 


January 0 

February 0 

March 1 

April 0 

May 2 

June.. 1 


July 8 

August 2 

September 2 

October.. 1 

NoYember 2 

December.. 1 


These  figures  show  that  the  heavier  rain  comes  with  the  local 
thunder  showers  of  the  warmer  months.  There  is  no  contradiction 
in  this,  with  the  fact  that  we  have  less  rain  with  the  lake  wind  in 
summer,  as  has  already  been  showni  for  with  these  local  storms  the 
wind  is  from  the  west. 
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Table  XXXVL — Dates  on  which  2.60  inches  or  more  precipitation  occurred  in  24 

hours  at  Chicago  to  December,  1890,  inclusive. 


1871 

Z871 
1873 

1872 

1873 
1873 
1875 


Date. 


Dec.  22 
Dec,  23 
Sept.  28 
Sept.  29 
May  I 
May  2 
Sept.  9 


Tear. 


1875 
1877 
1877 
1878 
1878 

1879 
1879 


Date. 

Sept. 

10 

Oct. 

19 

Oct. 

20 

July 

25 

July 

26 

May 

25 

July 

6 

Year. 

Date. 

1870 •• 

July  7 
Nov.  II 

I88I....I 

i88i 

Nov.  12 

1883 

1883 

1884 

1884 

Nov.  5 
Nov.  6 
Mar.  25 
Mar.  26 

Tear. 


1885 
1885 
1885 
1885 
1885 
1885 
1889 


Date. 


June  I 
June  2 
Aug.  2 
Aug.  3 
Aug.  23 
Aug.  24 
July  27 


WIND  VELOCITY.      . 

The  exposure  of  anemometers  has  been  so  frequently  changed  that 
it  will  be  very  difficult  to  compare  the  earlier  records,  with  the 
anemometer  relatively  near  the  ground,  with  the  later  records.  Table 
XXXVII  gives  the  total  movement  for  each  month  during  19  years. 
Table  XXXVIII  gives  the  hourly  wind  movement  for  the  years  1889, 
1890,  and  1891.  After  February,  1890,  these  records  were  made  on 
the  Auditorium  tower.  Fig.  19  is  a  graphic  presentation  of  these 
figures. 
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CLIMATE  OP  CHICAGO. 
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CLIJLiTE  OF  CHICAGO. 


Ill  18S9  we  find  the  appearauce  of  the  diurnal  range  of  wind 
velocity  that  has  been  noted  generally  at  other  stations,  though  there 
is  a  slight  maximum  cropping  out  at  midnight  and  6  a.  m.  The 
curves  for  1890  and  1891  have  two  remarkable  maxima  besides  the 


usual  one  at  2  p.  m.,  one  at  midnight  and  another  at  6  a.  m.  There  is 
some  difliculty  in  explaining  these  secondary  maxima  rising  in  1891 
to  almost  the  same  height  as  the  principal  maximum.  We  need  a 
good  many  more  records,  and,  above  all,  at  di£feren>t  heights  aboye 
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the  lake  anrface.  A  morning  maximum  was  found  by  Professor  Har- 
rington at  Death  Valley  (see  p.  36,  Bulletin  No.  1),  though  there  the 
maximum  occurred  two  hours  later  than  here.  It  is  probable  that  the 
presence  of  the  lake  has  something  to  do  with  the  minimum  at  7  p. 
m.  (19  hours).  Any  wind  from  the  north-northeast  to  east-southeast, 
and  from  south-southwest  to  west-northwest,  would  be  slightly  ac- 
celerated because  of  the  less  friction  on  the  water,  and  the  occurrence 
of  winds  from  this  direction  at  midnight  or  6  a.  m.  would  increase 
the  velocity.  The  morning  maximum  may  be  due  to  the  same  cause 
as  that  producing  the  higher  velocity  on  mountains,  or  else  the  upper 
current,  which  has  a  greater  relative  velocity,  may  gradually  work 
down  toward  the  earth's  surface  in  the  morning,  as  the  air  cools  off 
and  is  contracted.  The  fact  that  this  effect  was  almost  nil  in  1889, 
when  the  anemometer  was  farther  from  the  lake  and  more  than  100 
feet  lower,  seems  to  indicate  some  such  explanation  as  this.  It  is 
probable  that  the  tower  400  feet  high  to  be  built  in  Chicago  may  assist 
in  solving  this  problem. 

In  order  to  determine  whether  the  direction  of  the  wind  had  any- 
thing to  do  with  these  anomalous  results.  Table  XXXIX  was  pre- 
pared, giving  the  wind  velocity  according  to  the  hour  of  the  day  and 
its  direction  for  each  month,  from  April-October.  The  bold  face 
figures  show  maxima  in  the  velocity  in  the  morning.  It  will  be  seen 
that  these  occur  without  respect  to  the  direction.  The  afternoon 
miniTTium,  however,  seems  to  be  slightly  more  marked  with  the  land 
winds. 
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CLIMATE  OF  CHICAGO, 


To  show  the  effect  of  the  different  months  upon  the  hourly  wind 
direction,  Pig.  20  has  been  prepared.  This  gives,  in  graphic  form, 
the  departure  of  the  daily  mean  from  each  hourly  record.  In  this 
figure  the  principal  maximum  between  2  and  3  p.  m.  stands  out  very 
prominently  as  well  as  the  minima  at  8  a.  m.  and  p.  m.    The  curve 


Fig.  20. — Departure  of  hourly  wind  velocity  from  the  daUy  mean,  Chicago, 

of  sunrise  and  sunset  is  here  given  dotted.  The  principal  minimum 
occurs  very  soon  after  sunset,  especially  in  the  warmer  months,  while 
the  morning  maximum  comes  about  sunrise ;  but  the  serious  difficulty 
is  in  trying  to  explain  the  prominent  minimum  at  8  a.  m.  It  is  a 
matter  of  observation  that  during  many  winds  there  is  a  dying  dowh 
at  sunset  to  be  followed  by  a  decided  freshening  at  sunrise. 

VELOCITY   OF  WIND   AT   DIFFERENT   HOURS. 

The  question  has  been  asked  as  to  the  velocity  of  the  higher  winds 
during  the  day  hours,  especially  in  determining  the  possibility  of 
running  windmills.  Table  XL  has  been  prepared  with  this  in  view, 
and  shows  the  number  of  times  the  wind  blew  at  different  velocities 
during  the  hours  of  the  day,  and  in'  two  or  more  locations  of  the 
anemometer.  These  figures  show  a  great  increase  in  the  occurrence 
of  the  higher  winds  as  the  height  of  the  anemometer  is  increased. 

The  last  column  of  this  table  gives  the  percentage  of  winds  of  each 
velocity  during  the  month.  For  e:5;ample,  25  per  cent,  of  the  winds 
in  January  were  from  0  to  7,  67  per  cent,  were  from  8  to  14,  etc. 


WIND  VELOCITT. 
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Tablv  XL.-^}Find  mavemerU  at  different  hours  qf  tTie  day,  1884  to  1880. 
(Number  of  times  observed  blowing  from  o  to  7  miles  per  hour.) 


Month. 


Janaarr . 
April.... 

July 

October  . 

Mean 

January . 
April .... 

July 

October. 

Mean 

January . 
April.... 

July 

October  . 

Mean 

January . 
April.... 

July 

October . 

Mean 


XI  to  mid- 
night. 


124 
89 

8X.8 


3  to  4 
a.m. 


42 
79 


85.5 


7  to  8 
a.m. 


35 
75 

Z24 

84 
79*5 


IX  to  noon. 

* 


27 
43 

4B.8 


3to  4 
p.m. 


40 
46 
40.0 


7  to  8 
p«m. 


38 

73 

104  / 
88 

73- a 


Total. 


187 

393 
6x3 

44a 


Per  cent. 


55 

39 


From  8  to  14  miles. 


69 

66 

68 

70 

74 

72 

53 
73 

50 
86 

t 

66.  a 

69.0 

69.2 

• 

t 

89 

is 

Si 

89 

xzx 

71 

430 

00 

98 

76 

5x4 

86.5 

91.0 

76.5 

57 

i 

46 


From  15  to  20  miles. 


22 

34 

9 
20 

18.8 


II 

16 

19 

u 

2 
12 

.1 

IX. 0 

15- a 

X5 

27 

X3 

Z04 

4X 

37 

20 

'§ 

X9 

22 

zx 

33 

3X 

18 

130 

27.0 

29.2 

I5«5 

' 

14 

•I 

12 
IS 


AboTO  20  miles. 


5 

9 

I 

5 

5.0 


6 

I 

6 
y.o 


I 

8 

4 

30 

14 

7 

56 

3 

0 

5 

10 

4 

30 

8.8 

3-8 

4 
S 

z 

3 


Wind  movement  at  different  Hows  of  the  day,  1890  and  1891  {Auditorium), 
Number  of  times  obserTed  blowing  from  o  to7  miles  per  hour. 


Month. 

II  to  raid- 
night. 

3  to  4 
a.m. 

7  to  8 
a.m. 

1 

zz  to  noon. 

3  to  4 
p.m. 

7  to  8 
p.  m. 

Total. 

Percent 

January 

April 

12* 

5 
14 

7 

•1 

z6 
5 

16 
7 

13 
9 

zs 

3 

II 

7 

zz 

3 
12 

8 

z6 

7 

X5 

13 

8z 
49 

12 

9 

'29 

July 

October 

13 

Total 

36 

51 

45 

33 

34 

5X 

X7 

From  8  to  Z4  miles. 

January 

April 

3f 
16 

28 
27 

26 

15 

20 

27 

34 

17 

22 

17 
a5 
23 

27 

zz 

2Z 

20 

«4 

17 
22 

22 

153 

9a 

140 

X36 

s 

Jaly 

38 

37 

October 

Total 

zoi 

88 

8z 

87 

79 

85 

35 

From  Z5  to  20  miles. 


January 

April 

Z2» 

X5 

Z2 

13 

17 

15 
14 
14 
so 

zz 
X3 

X5 

11 

13 

17 
z6 

93 

S 

July 

so 

October 

n 

Total...... 

48 

57 

63 

65 

63 

64 

M 

•January,  Z8901  at  old  ofltosw 
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CLIMATE  OP  CHICAGO. 


Table  Xlu^^Wind movement,  etc. — Continned. 

(AboreaomilM.) 


Month. 

XX  to  mid- 
night. 

3*o  4 
a.  m. 

7  to  8 
a.  m. 

• 

XX  to  noon. '    i}^^ 
,    p.m. 

7to  8 
p.  m. 

Total. 

PeroenC 

January 

April 

8* 

23 

u 

15 

7 

'3 
'3 

7 
33 

IX 

i6 

9 

33 

15 
19 

1 

9                5 

37                   X 

i 

45               " 
142    !           39 

7e                    90 

July 

13 

31 

9 

XX 

October 

95 

as 

Total 

59 

6o 

57 

6S 

TO                  ^ 

a* 

#^ 

T— 

*  January,  18901  at  old  ot&oe. 


MAXIMUM  VELOCITIES  OF  WIND. 

Tab^e  XLI  gives  the  occurrence  of  winds  above  35  miles  per  hour 
from  1877  to  January,  1890,  and  of  40  miles  per  hour  since  the  latter 
date.  It  will  be  ^een  that  since  1887  the  anemometer  exposure  has 
made  a  great  increase  in  these  velocities. 

Table  XLI. — Dates  an  which  the  maximum  velocity  of  the  wind  too*  86  mUeiper  hour 

(40  mUee  since  February,  1890). 


Year. 


1877. 

'®77- 
1878. 

1878. 

X878. 

'?Z9- 
1880. 

1880. 

1880. 

1880. 

1881. 
1882. 
1883. 
i8fi4. 
1884. 


1886. 
1887. 
1887. 
1887. 

1887. 
1887. 
1887. 
1887. 
1887. 

1887, 
1887. 
x888. 
1888. 
1888. 
x888. 
x888. 


Date. 


Apr.  I 
June  25 
Mar.  5 
Apr.  ID 
July    3 

None. 
Apr.  15 
Apr.  19 
June   6 
June   7 

Mar.  X9 
None. 
None. 
Apr.  27 
Oct.     8 


1885.: None. 


Oct.  14 
Feb.  36 
Mar.  2 
Apr.    4 

Apr.  23 
M:ay  2 
Sept.  37 
Oct.  3 
Oct.     6 

Nov.  x8 
Nov.  19 
Feb.  13 
Feb.  14 
Feb.  20 
Feb.  36 
Mar.  3x 


Tear. 


1888 
1888 
1888 
1888 
1888 

1888 
1888 
1888 
1888 
1888 

1888 
1888 
1888 
1888 
1888 

1888 
1888 
1889 
1889 
1889 

1889 
1889 
1S80 
1889 
1889 

1889 
1889 
1890 
1090 
i8qo 
18^ 
1890 


Date. 


Mar.  33 
Apr.  13 
May  3 
May  4 
May  38 

July  XI 
July  13 

July  31 
Ang.    2 

Aug.   31 

Aug.  31  I 
Nov.    6 
Nov.    8 
Nov.    9 
Dec.    4 

Dec.  36 
Dec.  37 
Jan.  9 
Jan.  17 
Mar.  x8 

Apr.  34 
May  30 
May  31 
July  38 
Not.  37 

Nov.  38 
Deo.  39 
Jan.  8 
Feb.  4 
Feb.  5 
F^b.  8 
Feb.  19 


Tear. 


X890. 
890. 
890. 
890. 
890. 

890. 
890. 
890. 
890. 
890. 

890. 
890. 
890. 
890. 
890. 

890. 
890. 
890. 

^' 
890. 

890. 
890. 
890. 

890. 

890. 

890. 

890. 

890. 

890. 

890. 

890. 


Date. 


Feb. 
Mar. 
Mar. 
Mar. 
Mar. 

Mar. 
Apr. 
Apr. 
Apr. 
Apr. 

Apr. 
Apr. 
Apr. 
Apr. 
Apr. 

Apr. 
Apr. 
Apr. 
Abr. 
Blay 

May 
May 
May 
May 
May 

May 
May 

May 
May 
May 

May 
May 


38 
14 

25 

36 

27 
38 

3 

4 
8 

9 

XI 
13 

13 
14 
15 

24 

36 

29 

30 

I 

i 

9 
10 

15 

16 

% 

21 
33 

24 

38 


890 
890 

890 
890 
890 

890 

??? 
890 

890 

890 

890 
890 
890 
890 
890 

890 
800 

890 
890, 
890 

890 

S^ 
890 

890 
890. 

1890. 

890 

890. 

1890. 


Diate. 


Jane  3 
June  4 
June  5 
Jane  6 
June  14 

Jane  23 
Jane  37 
June  39 
July  4 
July  14 

July  30 
Aug.  3 
Aug.  8 
Sept.  19 
Sept.  24 

Sept.  37 
Oct.  13 
Oct.  14 
Oct.  x* 
Oct.    18 

Oct.  19 
Nov.  I 
Not.  5 
Not.  S 
Nov.    9 

Not.  13 
Dec.  13 
Dee.  33 
Deb.  27 
Dec.  aS 


WIND  DIBBCTION, 

There  has  been  given  already  a  discussion  of  wind  direction  as 
affected  by  the  lake.  In  Table  XLII  are  given  the  mean  wind  direc- 
tions for  each  month  for  20  years.  The  general  tendency  of  the  wind 
from  a  westerly  quarter  is  shown  quite  plainly  in  the  colder  months, 
but  in  the  warmer  months  the  mean  direction  is  quite  irr^ular  owing 


WIND   DIBECTION. 


to  the  fewnesB  of  the  observations  in  part,  and  to  the  difference  in 
the  exposure  in  wind  vanes  in  greater  part. 


Table  XLIL-tTind  dirKtimat  Chicago,  bsstart. 
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DEW-POINT   AND    RELATIVB    HDUIDITY. 

During  the  years  1882-1886  observations  were  made  5  times  each 
day,  at  6.10  and  10.10  a.  m.,  and  2.10,  6.10,  and  10.10  p.  m.  (Chicago 
time)..  Table  XLIII  gives  these  observations  for  dew-point  and 
relative  humidity,  which  never  before  have  been  worked  up.  Fig.  21 
ehowB  the  departure  from  the  mean  by  hours  and  months.  In  the 
colder  months  the  dew-poiut  reaches  a  minimum  at  6  a.  m.  and  a 
maximum  at  S  p.  m.,  while  in  the  warmer  months  there  is  but  little 
viiriation. 


Fio.  7\.—I}e¥)-point  and  rdattet  humidi^  d^artKnt. 
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CLIMATE  OF   CHICAGO. 


The  relative  humidity  shows  a  maximum  at  6  a.  m.  in  all  the 
months  and  a  minimum  at  2  p.  m. 

The  average  monthly  relative  humidity  from  1886  to  1891  is  given 
in  Table  XLIV.  There  is  a  maximum  in  January  and  a  minimum  in 
July  with  a  secondary  maximum  well  marked  in  June,  due  possibly 
to  the  prevalence  of  lake  winds  at  the  time  of  observation. 

Table  XLIY. — Mean  relative  humidity  of  Chicago, 
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OLOUDB. 

Table  XLV  gives  the  average  cloudiness  on  a  scale  0-10  for  18 
years.  Observations  were  made  three  times  each  day,  except  only 
twice  daily  from  July-December,  1888.  The  maximum  cloudiness  is 
in  December,  and  the  minimum  in  July  and  August.  The'  latter 
interesting  fact  may  be  explained,  in  part  at  least,  by  the  occurrence 
of  cool  lake  winds  which  have  their  moisture  dissipated  by  the  warm 
air  over  the  land  surface.  No  such  minimum  as  this  is  to  be  found 
at  any  other  station  in  the  interior  near  Chicago. 

Tablb  XLY. — Average  cloudiness,  0  to  10. 
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Table  XL VI  givee  the  mean  cloudinesB  at  the  hours  6  and  10  a.  m., 
and  2,  6,  and  10  p.  m.,  during  the  years  1882-1886.  Here  we  find  a 
maiked  minimum  in  the  graphic  presenta- 
tion of  this  table  at  10  p.  m.  (Fig.  22), 
while  there  is  a  maximum  in  all  the 
months  at  2  p.  m.,  or  during  the  hottest 
jjart  of  the  day.  At  first  sight  this  appears 
to  be  a  contradiction  to  the  July  and  August 
minimum  occurring  at  the  hottest  part  of 
the  year,  but  this  disappears  if  wS  con- 
sider that  that  is  produced  by  the  lake 
winds,  while  here  the  maximum  may  be 
due  to  a  alight  upward  tendency  which 
would  carry  the  warm  air  into  a  cooler 

T^on  where  its  moisture  would  be  con-  Fm.  22.~~lHHmd[ and  monthls 
variation  qf  doudineu. 
Tablb  XL VI. — Mean  doudintst,  Chicago. 
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CLEAR,   FAIB,    CLOUDY,    AND    RAINY    DAYS, 

A  rainy  day  is  one  on  which  at  least  .01  inch  of  rain  or  more  falls. 
Table  XLVII  shows  the  prevalence  of  such  days  from  1871-1891. 
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CLIMATE  OF  CHICAGO. 


From  the  summary  at  the  close  of  this  table  we  see  that  the  maxi- 
mum of  clear  days  is  in  July  with  a  minimum  in  January ;  of  fair 
days,  these  conditions  occur  in  August  and  November,  respectively  ; 
of  cloudy  days,  in  November  and  July ;  and  of  rainy  days,  in  Decem- 
ber and  September. 

Table  XLVIL — Number  of  dear,  fair  ^  cloudy  j  and  rainy  days  at  Chicago  from  1871 

to  1891. 
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Table  XLVIL — Number  of  dear,  fair,  cloudy,  and  rainy  days,  etc. — Continued. 
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In  order  to  determine  whether  we  have  to  deal  with  a  lake  influence 
in  these  conditions  of  clouds  and  rain,  I  have  instituted  a  comparison 
between  the  same  data  at  the  three  lake  stations,  Chicago,  Milwaukee, 
and  Grand  Haven.  These  results  are  given  in  Table  XLViJUL  and 
show  that  in  the  main  it  is  the  lake  that  causes  these  conditions  on 
all  sides.  The  cloudiness  at  Grand  Haven  during  the  colder  months 
is  phenomenal. 

Table  XLVIII.r-CTear,  fair,  doudy,  and  rainy  days  at  Chicago,  MUtDoukee,  and 

Grand  Haven,  1871-1890. 
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7.0 

7-9 
6.9 

7-9 
zi.o 

8.0 
12.7 

13. 1 

11. 2 
9.9 

7-1 
6.6 


I 

i 


5.6 

6.7 
6.7 

9-3 
7-3 

10.3 

10.  X 

9.0 

7-3 
5-4 
5-4 


Si 

H 

I 


1-5 
4.0 

5.0 

8.0 

II-3 

9-7 

<3-4 
13-0 
X0.3 

3-6 
1-4 


Fair. 


13-3 

XX. 2 

12.9 
12.9 
11.7 
14-7 

13.3 

13-7 
11.8 
IX. 8 
10. 1 
XX. 3 


9 
o 

i 


X4.5 
13.4 

13-5 
13-7 
13-3 
10.3 

16.3 
14.0 
13-8 

13- » 
II. 8 

X3.5 


I 


8.3 

10.3 

13-3 

13.6 

13.3 
13-8 

13-5 
13. 3 

13.4 

10.4 

9.3 

7-5 


Cloudy. 


I 


3 

i    S 


X0.7 

9.3 

XI. 3 

3 


7- 


5-1 

5-2 
7.0 

13. 8 

13.2 


X0.9 

ICO 

10.8 

Vs 

6.5 

4.6 

6.0 

7.3 

X0.6 

13.8 

13. 1 


o 

Si 

» 

e 


O 


"•3 

14. 1 

13.7 
9-4 
7-5 
6-5 

4'1 
4.8 

7-4 
X3.7 

17. 3 

33.  X 


Bainy. 


I 


X3.3 
XO.7 
12.  X 

XI.3 
II. 6 

113 

XO.O 

9-7 

9' 4 

X0.4 

XI.  I 
X3.6 


I 

M 

3 


13.1 
X0.1 

13.  X 
X0.7 
XI. 4 
11.7 

X0.8 
9.3 

X0.7 
9.9 

X8.5 


a 


.0 

13-4 

13- 7 
10.5 

11.5 
9.1 

8.6 

xo-8 
ia.3 

14-5 
17.3 


DIRECTIONS   OF  WINDS  AND  CLOUDS. 

It  has  been  a  mooted  question  in  Europe  as  to  the  relative  direc- 
tions of  the  winds  and  clouds.  In  this  country  it  has  been  found 
that  the  two  have  the  same  direction,  in  general,  or,  when  they  differ, 
the  clouds  have  a  tendency  to  move  in  the  general  upper  current  to 
the  east.  It  was  thought  of  some  interest  to  inquire  whether  this  law 
holds  good  at  Chicago  or  whether  the  lake  caused  a  divergence. 

Table  XLIX  exhibits  a  summary  of  observations  for  the  14  years, 
1878-1891.  We  see  that  during  66  per  cent,  of  the  observations  the 
direction  of  the  clouds  was  the  same  as  that  of  the  wind ;  for  24  per 
cent,  they  differed  45® ;  9  per  cent.,  90® ;  7  per  cent.,  135® ;  and  4  per 
cent.,  180®.  Or,  we  may  say  that  in  80  per  cent,  of  the  cases  the 
direction  was  practically  the  same  with  both.  It  was  noted  that  the 
winds  which  did  not  follow  the  rule  were  often  light  and  influenoed 
by  the  lake. 


CLOUDS  AND  WINDS. 
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Table  XLIX — Clouds  and  winds,  Chicago* 

SAME  DIRECTION. 


Month. 


Jantuiry 

Pebraary.... 

March 

April ........ 

May 

June.... .... 

Jaly 

August 

September  .. 

October 

Noyember . . . 
December . . . 

Total.... 


1878. 


24 

24 
37 
33 
19 
23 

19 

13 

23 
20 

19 
29 


283 


1879. 


x6 
9 

17 
6 

10 

xz 

14 

Jl 

19 
24 

9 


172 


x88a 


4 
14 
19 
27 
15 
13 

zo 
18 

23 

8 


aoz 


1881. 


8 

13 
7 

2 

i 

4 

X2 
18 
26 

23 
ZO 


136 


1882. 


19 
zo 

21 
22 
25 
Z6 

14 

2Z 

24 
2Z 

25 

17 


335 


Z883. 


ZO 
Z4 
24 
13 
17 
22 

z6 
zz 
»3 

2Z 

13 
27 


20Z 


Z884. 


17 

33 
30 

23 
10 

7 

13 
zo 

8 

15 
15 
13 


194 


Z885. 


34 
zz 

13 

2Z 


224 


Z886. 


ZX 

xz 

17 
13 

9 
zz 


17 

9 

20 

15 

31 

20 

25 

17 

22 

7 

Ji 

Z64 


z887< 


:2 

58 
51 
48 

49 

60 
69 
54 
55 


632 


Z888. 


53 
50 

63 
33 
30 

32 
20 

S 

43 
47 
53 


475 


Z889. 


41 

15 
10 

n 
36 

24 

24 
22 
22 

^ 
38 

39 


334 


Z890. 


Z89Z. 


25 
17 
24 
17. 

«9 
2Z 

15 

15 

35 
35 


2$ 
27 
49 

2Z 
14 
13 

8 

13 
13 

2Z 
28 
2Z 


Snzn. 


288 

299 
4x0 
209 
280 

271 

243 
291 


375 
346 


282 


256 


3.789 


Mean 


20.6 

2Z.4 

29-3 
21.4 

20.0 

Z9.4 

17-4 
20.8 
2Z.3 

m 

24.7 


22.6 


DIFFERING  45^ 


January ..... 
February . . . . 

March 

April 

MAy 

June 

July 

August 

September  .. 

October 

November... 
December . . . 

Total . . . . 


5 

9 

9 

14 

9 
zz 

zo 

7 

13 

9 
6 

9 


zzi 


zz 

4 
4 
9 
7 
zo 

8 
zo 
zo 

X2 

3 
z 


89 


i 

8 
6 

3 
xz 


zz 

2 

5 

5 
zz 

5 


80 


6 
3 

t 

8 
6 

zz 
zz 

Z2 


83 


4 

2 

i 

zo 
10 


17 
zo 
zo 

I 

8 


95 


6 
zo 

7 
8 

13 
9 

8 

7 

9 

zz 

13 

5 


Z06 


9 
5 

i 

14 

Z2 


ZZ 
Z2 

'7 
13 

Z2 

zo 


Z26 


1 
>i 

z6 
zz 

13 

17 

r 

Z2 


147 


3 
zo 

8 
zz 
zz 

7 

9 
zz 
20 
19 
27 

9 


145 


19 
zo 

4 

8 

8 

zo 

5 

2 

4 

3 
o 

6 


79 


6 
6 
8 
3 

2 

14 
20 

Z2 
II 

8 
zz 


ZZ2 


2 

ZI 

7 
15 
13 

I 

14 
U 

ZI 

6 


119 


8 
zo 

7 
14 
13 
H 

15 
20 

24 

;5 

zz 
zz 


162 


zo 

15 

4 

15 
zz 

Z2 

10 

15 
ZI 

15 

25 

18 

z6i 


Z12 
106 

87 
Z3Z 

145 
142 

147 

ZS2 

155 
155 

"3 
I1615 


8.0 
7-7 

>>2 

•4 
Z0.4 

zaz 


Z0.5 
Z0.9 

Z2.0 
ZZ.Z 
ZI.Z 

8.Z 
9.6 


DIFFERING  90O. 


January  

February  .••• 

Mareh 

April 

M^y 

June 

July 

August 

September  .. 

October 

November . . . 
December . . . 

Total.... 


z 

4 

z 

I 

3 

z 

z 

3 

z 

8 

z 

0 

z 

3 

z 

2 

0 

3 

z 

2 

I 

I 

4 

z 

3 

4 

6 

5 

3 

4 

2 

3 

2 

z 

z 

4 

4 

5 

zo 

3 

2 

5 

2 

3 

i 

2 

t 

0 

5 

i 

6 

i 

2 

5 

3 

7 

2 

4 

5 

3 

7 

z 

3 

5 

5 

6 

6 

5 

5 

2 

6 

6 

7 

7 

2 

i 

5 

z 

9 

z 

9 

2 

7 

2 

4 

3 

9 

3 

3 

0 

3 

0 

4 

z 

0 

z 

3 

2 

5 

2 

4 

4 

i 

3 

3 

2 

4 

4 

6 

8 

zo 

«  0 

z 

0 

0 

3 

z 

5 

2 

4 

3 

14 

0 

z 

0 

0 

0 

2 

0 

2 

0 

2 

2 

14 

0 

0 

0 

46 

36 

52 

33 

39 

36 

42 

47 

76 

26 

40 

19 

3 

z 

4 

7 

3 
10 

iz 

18 

6 

4 


Z 
z 
6 

4 

8 

zz 

6 
8 
7 
4 
I 
10 


29 
22 

48 

81 

76 
82 

50 

55 
46 

36 


2.  Z 

Z.6 
3-4 

4.6 
5.8 

5-4 

3.6 
3-9 


87 .  67 


645  ]    3.8 


DIFFERING  Z35«. 


January  .... 
Februiiry . . . 

Miirch 

April  .... ./. 

May 

June 

July 

August 

September  . 

Octoljer 

November . . 
December . . 

Total... 


o 

3 

1 

»^ 

o 
2 

4 

Z2 

8 

3 

3 
z 

o 


38 


9 
1 

4 
3 

I 


3 

4 
4 
o 
o 
o 


34 


o 

I 

3 

4 
4 

3 

3 

3 

3 

3 
o 

3 


3 

3 

3 

4 


3 

4 

4 
2 
z 
z 


37 


o 
z 

3 

6 
z 

9 

5 

3 
z 

7 

3 
z 


38 


z 

3 

8 

4 

4 
3 

Z 

4 
z 
3 
z 
o 


30 


z 
o 

z 
o 

2 
3 

6 

3 

5 

3 
z 

z 


25 


o 

2 
2 
2 


3 

2 
o 
o 
z 
o 


2Z 


O 
O 

z 
6 

9 

zz 

ZO 

19 

9 
7 
z 

2 


75 


z 
3 
z 

3 

3 

2 

3 
o 

z 

o 

o 

o 


15 


2 

o 

2  ! 

I 

4 

5! 
4 
I 

*  I 

5 

2 

z 

3 

o 


o 
z 

z 
o 
o 
o 


29 


3 

4 

7 

8 

zo 

6 
8 
6 

4 

z 
z 


o 

3 
3 

4 
7 
5 

Z2 

4 
z 
z 
o 
3 


58 


7 
22 

37 

73 

72 
67 
39 
33 
zz 

Z2 


43 


478 


?.1 
2.6 
3-3 

4.3 

5-2 

5-1 
4-8 
2.8 

2.4 

0.8 
0.9 


2.8 
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CMMATB  OP  CHICAGO. 


Table  XTJX. — Clouds  and  winds,  C^ico^o— Continned. 

DIFFERING  z8o». 


Month. 

1878. 

x879- 

1880. 

i88z. 

x88a. 

X883. 

X884. 

1885. 

x886. 

X887. 

x888. 

Z889.  X890.  189X. 

Sam. 

Men 

January  

February .... 

March 

April 

May 

3 

X 

X 
0 

b 

a 

3 
0 

3 
0 

a 

a 

0 
0 
0 
0 

z 
0 

0 

z 
I 

a 

X 

3 

0 
0 

3 

4 

a 

3 

z 
0 

a 

3 

3 
0 

0 
0 

X 

0 

a 
a 

z 
0 
0 
0 
z 

5 

0 
0 
0 
0 
a 
5 

z 
z 

3 

z 

0 
5 

z 
a 
0 

3 
0 

4 

0 
0 

Z 
X 

z 
z 

0 
e 
z 
z 

3 

4 

0 

0 

3 

0 

0 

zo 

8 
5 

19 

'zi 
46 

0.6 
0.4 

1-4 

Z.I 

z.a 

June 

9-3 

July 

3 

5 
0 

3 
0 

0 
17 

4 

5 

a 

a 
0 
0 

3 
3 
4 
0 
0 
0 

0 

z 
0 
z 
0 

0 

a 
a 
z 

3 
0 
0 

20 

3 
0 
0 

a 
0 
0 

4 
4 
z 
z 
I 
0 

0 
5 
3 
0 

0 
z 

3 

X 

a 

X" 

6 

a 

z 
z 

3 
0 
0 
z 

8 
6 

4 
0 
0 
0 

z 

o< 

z 

0 
0 
0 

I 

4 

3 
0 

0 

3 

4 
z 
0 

0 

0 

44 

z6 

7 

4 

S'O 

August 

September  .. 

October 

JSovember... 
December . . . 

3-1 
Z.9 
z.z 

0.5 
0.3 

Total.... 

aa 

IX 

xo 

14      z6 

x6 

aa 

17 

aS 

6 

29 

az 

349 

1-5 

SUMMARY. 

• 

Saxne. 

45^. 

90P. 

Z35O. 

i8o». 

TotaL 

• 

Tot 
Par 

a1 

■  ^'S 

1.6x5 
24 

645 
0 

478 

t 

349 

4 

6,776 

cent 

^    1 

'1 

» 

OCCUBRBNCE  OF  FOGS. 

Table  L  gives  the  number  of  fogs  which  have  been  recorded  during 
the  17  years  from  1872  to  1888,  inclusive.  It  will  be  seen  that  by- 
far  the  largest'  number  occurred  during  the  morning,  72  per  cent., 
while  the  least  number  were  recorded  in  the  afternoon,  8  per  cent. 
This  was  to  be  expected,  as  the  relative  humidity  is  highest  in  the 
morning  and  lowest  in  the  afternoon. 

Table  L. — Fogs  (U  Chicago  by  hours. 


Tear. 

January. 

February. 

March. 

April 

« 

May 

» 

Jane 

. 

« 

July 

> 

7- 

0 

4 

15- 

?3- 

7» 

X5- 

0 
0 

a3- 

X 

z 

7- 

0 
0 

X5- 

0 
0 

23- 

7- 

15- 

0 
0 

23- 

0 

z 

7- 

X5- 

23- 

7- 

X5- 

23. 

7- 

X5- 

n- 

z87a 

Z873 

z 
0 

0 
0 

z 

0 
0 

0 

a 
a 

0 
z 

A 

a 

0 

0 

z 

z 

z 

0 

X874 

2 

0 

0 

z 

0 

6 

X 

I 

0 

0 

0 

0 

0 

0 

z 

0 

X 

0 

0 

0 

!i;i::::: 

I 

0 

0 

0 

0 

0 

5 

0 

0 

.  0 

0 

0 

X 

0 

z 

z 

3 

X 

I 

0 

I 

Z 

z 

0 

z 

0 

I 

0 

0 

0 

0 

z 

X 

0 

z 

a 

0 

X 

a 

0 

0 

%■::::. 

a 

0 

a 

1 

0 

a 

0 

0 

z 

z 

a 

0 

0 

0 

0 

0 

0 

0 

0 

0 

i 

0 

0 

4 

0 

0 

6 

0 

I 

z 

0 

0 

0 

0 

0 

0 

0 

0 

e 

0 

1879 

0 

X 

0 

0 

0 

3 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

z 

0 

0 

z88o 

4 

a 

3 

a 

z 

I 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

a 

0 

0 

1881 

4 

0 

z 

5 

z 

X 

4 

0 

0 

3 

0 

0 

I 

0 

z 

z 

0 

z 

0 

0 

0 

i88a 

4 

0 

I 

z 

z 

z 

0 

0 

0 

0 

0 

0 

a 

0 

0 

0 

0 

z 

0 

0 

0 

X883 

TRfU 

I 

0 

0 

z 

1 

0 

1 

0 

T 

z 

n 

0 

n 

0 
n 

•  •  ■  • 

•  •  •  • 
0 

•  ■  ■  • 

n 

•  •  •  • 

•  •  •  • 

•  ■  •  • 

•  •  •  • 

0 

.... 

•  •  •  • 

0 

•  ■  ■  • 

t 

.... 
0 

.  •  •  • 

xoo^  ..... 

1885 

x886 

.... 

I 

•  •  •  * 

z 

•  ■  •  • 

X 

.... 
z 

.... 

3 

•    ■    *    • 

a 

• . .  * 
0 

.... 
0 

.... 
0 

•  •  •  ■ 

•  ■  ■  • 

0 

0 
0 

0 

z 

0 

z 

0 

a 

0 
0 

I 
0 

0 
0 

0 

0 

a 
0 

0 

Z 

a 

0 

0 

Z 

x887 

z 
z 

0 
0 

z 
0 

Z888 

z 
34 

a 
7 

z 

4 

0 

a 
'3 

0 

0 

0 

a 

0 

0 

ToUl  ... 

zo 

a4 

7 

H 

z 

3 

X4 

3 

6 

zo 

z 

6 

8 

5 

9 

Z3 

I 

a 

*       1 

FOGS. 
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Table  L. — Fogs  at  Chicago  by  Iwwrs — Continued. 


Tear. 

August. 

September. 

October. 

Noyember. 

December. 

Azmual. 

7- 

15- 

33. 

0 

0 

0 

3 

z 

0 
0 

0 

0 
0 

0 

7- 

15- 

33. 

7- 

6 

2 
3 
z 
z 

17 

6 

5 
z 

2 

z 

15- 

0 
0 
0 
0 
0 

3 
0 
0 
0 
0 

0 

a3- 

3 
0 

0 
0 

4 

z 
0 

I 
z 

0 
0 

7- 

15- 

a3- 

z 

0 
0 
0 

3 
z 

3 
0 
0 
0 

I 

7. 

4 

z 

0 

3 
I 

5 
5 

I 
3 
I 

z 

X5- 

z 
0 
0 
3 
0 

0 
0 
0 
0 

z 

0 

33. 
z 

0 

0 

3 
0 

3 
0 
0 
0 
0 

0 

7- 

15- 

3 

3 
Z 

5 

z 

4 

3 
0 

3 

3 

3 
0 

3 
3 

4 

z 
3 

23. 

1872. ................ 

a 

z 

•  0 

I 

z 

3 
z 

2 

0 

0 

5 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

I 

I 
0 
0 
z 

I 

8 

5 

0 

3 

0 

0 
0 
0 
0 
0 

0 

0 
0 
0 
0 

0 

z 
0 

0 

z 

3 
0 

X 

0 

z 

3 
0 

6 

3 
0 
0 
0 

6 
8 

z 

3 

3 

z 

0 
0 
0 
0 
0 

z 

z 

0 
0 
0 

0 

33 

z8 

8 

14 

Z3 

43 
39 

33 
30 

25 
15 

3 
5 
5 
5 

9 

50 

7 

1871 ,,,, 

X 

10/ ^a. ••■.«•■•■«••••>. 

\9nA ,,, ,, 

z 

l87S 

9 

1876    ::. . 

15 

«w/va ..■■■■■•■■■■■■*• 

i«77 * 

l87tJ 

Z3 

4 

1870 

3 

iO/\f.  •«•«••■■•.•■.... 

1880 

6 

1881 

6 

1^2 , 

4 

1881 

0 

1884 

3 

3 

0 
0 

.  0 

0 

0 
3 

z 

0 

0 
0 

3 

IS85 

1886 

0 

0 

3 

4 

1887 

3 
7 

0 
0 

0 
0 

z 
.9 

54 

0 
0 

0 
z 

3 
Z3 

z 
0 

z 

0 

9 

0 
9 

35 

0 

z 

0 
0 

4 

J888 

4 

30 

0 

z 

0 

K 

Total 

4 

30 

0 

9 

3 

zz 

49 

3 

6 

6 

315 

36 

87 

In  Table  LI  is  a  summation  of  the  records  by  the  total  number  of 
fogs  in  each  month  and  year  from  1872  to  1891.  During  the  last 
three  years  there  Vere  no  observations  in  the  afternoon,  and  the  ob- 
servations at  night  were  made  about  three  hours  earlier  than 
previously.  It  will  be  noted  that  by  months  the  colder  season  has 
much  the  greater  amount  of  fog,  and  this  is  largely  due  to  the  fact 
that  the  relative  humidity  is  much  greater  then,  though  this  does  not 
account  for  the  superabundance  of  fog  in  September  and  October,  or 
at  the  time  the  temperature  gradually  diminishes.  • 

In  this  table  there  is  a  rather  remarkable  fluctuation  in  the  amount 
of  fog  during  different  years.  A  minimum  of  10  being  recorded  in 
1874,  and  of  3  in  1883,  while  a  maximum  of  59  was  recorded  in  1877, 
and  of  60  in  1888. 

Tablb  LI. — Summary  of  fogs  at  Chicago. 
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Table  LII  was  constructed  in  order  to  enable  a  comparison  betw^n 
the  records  at  the  three  stations,  Chicago,  Grand  Haven,  and  Mil- 
waukee. It  will  be  noticed  that  great  irregularity  occurs  in  the 
records « at  these  stations;  1883  shows  36  cases  at  Grand  Haven  and 
only  one  at  Milwaukee.  A  large  part  of  these  discrepancies  is  due  to 
the  change  of  observers  and  a  lack  of  uniformity  in  making  a  record 
of  fogs.  The  large  increase  of  60  in  1888  at  Ghic^o,  and  of  50  in 
1889,  is  due,  in  all  probability,  to  the  counting  of  more  light  fogs,  for 
the  records  at  the  other  two  stations  do  not  show  any  such  increase 
in  these  years. 

Table  LII. — Summary  of  fogs  ai  Chicago,  Grand  Hanen,  and  Mihoaukee, 
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An  important  question  arises  in  this  connection  as  to  the  influence 
of  smoko  on  fog  production.  It  is  thought,  in  many  quarters,  that 
fog  is  largely  due  to  the  abundance  of  carbon  or  smoke  particles  in 
the  air,  and  that  each  fog  particle  has  a  nucleus  of  a  smoke  or  dusi 
particle.  In  this  way  the  great  prevalence  of  fog  in  London  has  been 
accounted  for.  An  attempt  has  been  made  to  obtain  from  the  observa- 
tions some  idea  of  the  prevalence  of  smoke  and  its  gradual  increase 
from  year  to  year,  but  the  records  do  not  seem  to  be  very  complete. 
In  1883  smoke  was  reported  at  Chicago  once;  in  1884,  4  times; 
1885,18;  1886,60;  1887,87;  in  the  first  four  months  of  1888,  32^ 
were  recorded ;  and  in  the  last  eight  only  3  records  were  made ;  in 
1889  and  1890  no' reports  were  made.  It  seems  probable  that  it  was 
decided  not  to  record  it,  as  being  a  purely  local  phenomenon  and  not 
existent  outside  of  the  immediate  environment  of  the  city.  The 
actual  amount  of  smoke  at  Chicago  has  increased  within  a  year,  and 
at  the  present  day  it  is  probable  that  more  than  two-thirds  of  the 
time  there  is  a  more  or  less  dense  smoke  over  the  city.  It  would 
appear,  then,  as  though  this  would  be  a  most  excellent  opportunity 
for  testing  the  question  of  the  prevalence  of  fog  concomitant  Mrith 
the  increase  of  smoke. 

The  greatest  number  of  fogs  recorded  in  20  years,  with  one  excep- 
tion, was  59  in  1877.  From  Table  XLIX  it  will  be  seen  that,  with 
the  exception  of  the  years  1888  and  1889  (during  which  there  weie^ 


THUNDERSTORMS. 


81 


probably,  very  light  fogs  recorded),  there  is  no  indication  of  an  in- 
crease in  the  frequency  of  fogs  during  the  marked  increase  of  smoke. 
This  is  especially  shown  by  comparing  the  years  from  1875  to  1878 
with  those  from  1885  to  1891.  Even  if  we  count  in  the  abnormal 
years  1888  and  1889  there  are  still  40  fogs  per  year  in  each  of  these 
periods. 

THB  CAUSB  OF  FOG. 

A  study  of  the  weather  conditions  prevailing  at  the  time  of  and 
just  before  a  fog  has  shown  that  fog  is  most  likely  to  prevail  in  the 

I 

south  or  south-southeast  quadrant  of  a  low  area.  At  such  a  time  the 
air  is  very  nearly  saturated  with  vapor,  and  if  the  wind  should  die 
down  and  the  clouds  break  away  there  would  be  a  strong  radiation 
from  the  earth  and  air  to  the  sky.  The  cooling  brought  about  in  this 
way  lowers  the  temperature  sufficiently  to  produce  fog.  In  every 
instance  examined  these  were  the  conditions,  but  it  was  not  found 
that  the  direction  of  the  wind  had  any  marked  influence,  in  fact,  the 
direction  of  the  wind  is  generally  toward  the  lake  during  fog.  From 
this  discussion  we  easily  see  why  it  is  that  a  dense  fog  is  almost 
always  a  good  indication  of  clearing  weather. 

THUNDER  AND  SEVEBB  LOCAL  STORMS. 

The  observation  of  thunderstorms  has  been  somewhat  irregular, 
and  different  observers  seem  to  have  fixed  their  own  system  of  miaking 
the  records. 

Table  LIII  gives  a  summary  of  the  storms  by  months  and  years, 

and  Table  LIV  gives  them  collected  in  two  classes  according  to 

severity. 

Table  LTtl. — Thunderstorms  of  Chicago^  bp  months. 
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Table  LIV. — Thundergtorms  of  Chicago,  by  yean. 
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There  seems  to  have  been  a  pretty  well  marked  minimmn  during 
1875-1879  which  was  near  a  sun  spot  minimum,  and  the  same  fact 
has  been  noticed  in  other  series  of  records,  although  in  Europe  it  has 
been  commonly  considered  that  the  minimum  of  thunderstorms 
comes  with  a  maximum  of  sun  spots.  July  is  the  month  haying  the 
greater  number,  4.4  in  each  year,  and  June  comes  next  with  4.2. 

Sometimes  with  such  storms  there  comes  a  very  high  wind,  as,  for 
example,  the  wind  that  blew  down  the  Young  building  on  April  1, 
1892.  The  severest  of  these  local  storms  on  record  occurred  on  May 
6,  1876 ;  the  record  is  that  this  storm  moved  from  southwest  to  north- 
east, accompanied  by  rain,  thunder,  and  lightning ;  bounding  like  a 
ball,  it  reached  the  ground  but  two  or  three  times.  The  loss  of 
property  was  estimated  at  $250,000.  There  have  been  other  high 
winds  which  have  wrought  havoc,  as,  for  example,  the  wind  that 
wrecked  some  of  the  World's  Fair  buildings  quite  recently.  These 
high  winds,  or  "  wind  rushes,"  should  be  carefully  distinguished  from 
the  tornado  proper,  which,  so  far  as  known,  has  visited  Chicago  but 
once. 

DIURNAL  VARIATION  OF  AIR  PRESSURE. 

On  pp.  52  and  53  are  given  records  from  the  barograph  for  the  years 
1890  and  1891.  These  are  graphically  presented  in  Fig.  23,  and  for 
purposes  of  comparison  there  are  given  similar  curves  for  Atlanta, 
Ga.,  from  February-August.  We  note  the  characteristic  double 
maximum  and  minimum  points  in  all  the  curves.  The  principal 
maximum  is  later  in  the  colder  than  in  the  warmer  months,  and  the 
principal  minimum  is  correspondingly  earlier  at  both  stations.  There 
appears  also  a  slight  tendency  to  a  greater  amplitude  of  the  variation 
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in  the  colder  months  than  in  the  warmer,  while  at  Atlanta  it  is  just 


Fio  28. — Dwmal  variatwn  of  air  prttaure. 

the  reverse.     Ordinarily  the  increase   in   moisture  dimlDishes   the 
amplitude. 

8T0RH    WARNINGS. 

It  may  not  generally  be  known  that  the  fiiat  storm  warning  of  the 
Signal  Service  was  issued  from  Chicago.     It  was  as  follows : 

Chicago,  Novembtr  8,  1870— Jfoon. 

A  higli  wind  all  day  jesMrdaj  at  CheyenDe  and  Omaha.  A  reiy  high  wind  reported 
thiR  moroing  at  Omaha.  Barometer  hlliug,  with  high  wind  at  Chicago  and  Milwaukee 
to-day.  Barometer  rising  and  thermometer  rising  at  Chicago,  Detroit,  Toledo,  Cleve- 
land, Buffalo,  and  Rochester.     High  winds  probable  along  the  lakes. 

This  was  abundantly  justified.  It  was  prepared  mainly  by  Prof- 
I.  A.  Lapbam,  who  was  then  in  the  employ  of  the  Signal  Service. 

WEATHER   PREDICTIONS. 

With  the  multiplication  of  the  weather  maps,  there  is  an  increased 
desire  for  information  as  to  rules  for  predicting  the  weather.  It  is 
not  an  easy  matter  to  give  definite  rules,  for  the  reason  that  the  con- 
ditions are  so  diverse.  The  occurrence  of  rain  is  dependent  upon  the 
direction  of  the  wind  in  winter,  a  lake  wind  carrying  relatively  warm 
and  moist  air  to  the  cooler  land  has  its  moisture  condensed.  On  the 
other  hand,  if  the  wind  is  seen  to  be  likely  to  shift  to  the  lake  in  the 
warm  months  it  is  rather  a  sign  of  clearing  weather. 

In  winter  the  path  of  a  storm  to  the  southward  of  the  city  tends  to 
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cause  north  winds  and  much  lower  temperature.  A  storm  to  the 
north  will  give  higher  temperature  in  its  front,  but  if  rapidly  moving, 
the  northwest  wind  will  be  very  cold,  especially  if  a  high  area  follows 
the  storm. 

In  summer  a  very  high  temperature  with  a  low  pressure  area  to  the 
west  or  southwest  is  likely  to  give  thunderstorms  and  squalls. 

We  have  no  well  marked  types  of  weather  such  as  are  so  prominent 
in  Europe,  where  often  the  same  kind  of  weather  will  be  experienced 
for  a  week  or  ten  days.  There  are,  however,  oftentimes  persistent 
conditions  of  pressure  in  the  atmosphere  which  iftay  tend  to  repeat 
abnormal  cold  or  warm  spells  for  a  month  or  more.  The  best  way  to 
show  this  will  be  to  give  charts  of  isobars  for  the  coldest  and  warmest 
months  since  the  work  of  the  Weather  Service  began. 

Fig.  24  is  a  chart  of  the  weather  conditions  for  the  month  of  Janu- 
ary, 1888,  which  recorded  the  lowest  temperature  of  the  22  Januarys, 
and  Fig.  25,  in  like  manner,  exhibits  the  opposite  conditions  during 
the  warmest  February  (1882)  of  the  series.  The  latter  is  a  remarkable 
culmination  of  a  series  of  high  monthly  temperatures  beginning  with 
the  previous  August.  The  amount  above  normal  for  each  month 
being  as  follows:  August, +5.5*^;  September,  +7.4®  (highest  on 
record);  October,  +5.2®;  November,  +2.7;  December, +9.9® ;  Jan- 
uary, +4.3®;  February,  +12.0®  (highest  on  record). 

In  Fig,  24  we  have  the  usual  distribution  of  pressure  which  occurs 
with  low  temperatures  in  the  Northwest.  A  marked  area  of  high  pres- 
sure in  the  Missouri  Valley  showing  that  a  series  of  high  areas  with 
accompanying  cold  waves  had  moved  in  succession  from  the  north  to 
the  south  and  southeast,  causing  the  abnormal  low  temperature. 
Also,  we  note  the  absence  of  the  permanent  high  area  in  the  southeast 
and  the  presence  of  a  well  marked  low  pressure  area  in  the  extreme 
northeast,  both  of  these  would  have  a  tendency  to  cause  greater  ve- 
locity in  the  northwest  winds  and  an  increase  of  cold. 

In  Fig.  25  we  see  just  the  opposite  effect.  The  high  pressure  is 
now  seemingly  kept  back  by  the  Rocky  Mountain  range.  An  area  of 
relatively  low  pressure  to  the  north  and  of  marked  high  pressure  in 
the  southeast  states  also  aid  in  keeping  up  the  temperature.  These 
figures  may  be  regarded  typical  to  these  two  opposite  kinds  of 
weather.  When  we  see  a  rather  persistent  high  pressure  area  in  the 
plateau  region  we  may  be  sure  there  will  not  be  severe  cold  ex- 
perienced in  the  Lake  region.  What  determines  the  movement  of 
these  high  areas  has  never  been  determined.  Possibly  a  tendency  to 
the  descent  of  Arctic  cold  in  British  America  may  be  a  cause,  but  this 
is  simply  removing  the  difficulty  one  step  back. 

RELATIVE  STORM  FREQUENCY. 

In  Professional  Paper  No.  XIV  are  given  charts  of  relative  frequency 
of  storms,  and  from  these  are  taken  the  following  figures  showing  the 
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number  of  Btorms  passing  over  eaoh  6^  square  near  Chicago,  or  within 
about  170  miles  of  the  city. 

This  takes  no  account  of  the  large  number  of  storms  passing  more 
than  170  miles  away  from  which  precipitation  would  occur  at  the  city. 

Table  LV.—  Nufnber  cfgtomu  near  Chicago. 


Month. 

Number  of  storms. 

Month. 

Number  of  storms* 
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Mar<^.  ..•>. 

October 

April 

November 

Mat 

December 

4to6 

Juno; 

Year 

July 

36  to  48 

w  9m* J     ......    ..•.*.■■■*•.■.•..• 

ABE  THE   SEASONS    CHANGING? 

This  is  a  very  frequent  question,  and  we  find  frequent  allusions  to 
the  fact  that  the  temperature  is  gradually  rising,  that  rains  are  be- 
coming less  abundant,  etc.  To  all  this  it  may  be  said  that  the  most 
accurate  observations  of  temperature  for  more  than  100  years  at 
many  places  in  Europe  have  not  shown  any  such  effect. 

At  Chicago  we  have  just  seen  that  the  lowest  January  temperature, 
15.1®  (8.9®  below  normal),  occurred  in  1888.  In  examining  Table 
XIX,  which  gives  approximately  the  mean  temperature  for  62  years, 
we  see  that  the  mean  from  1850-1870  is  1.8®  lower  than  that  from 
1871-1891 ;  but  I  have  already  shown  reasons  for  thinking  the  former 
a  little  too  low  and  the  latter  too  high.  The  highest  annual  tempera- 
ture of  the  whole  series  was  53®  in  1846.  We  are  entirely  safe  in  as- 
suming that  the  temperature  shows  no  change  in  the  seasons  as  a 
whole.  Whether  spring  is  a  little  earlier  now  than  formerly  is  a 
slightly  different  question,  and  there  are  some  indications  of  this. 

It  was  hoped  that  the  indigenous  forest  growth  along  the  lake 
would  give  some  idea  as  to  the  cimiulative  effect  through  hundreds  of 
years  of  the  increased  temperature  and  moisture  due  to  the  lake,  but 
diligent  inquiry  failed  to  demonstrate  any  marked  effect  of  this  kind. 
It  is  quite  well  known  that  in  the  spring  of  the  year  the  blossoming 
of  flowers  on  the  lake  shore  is  somewhat  retarded,  oftentimes  the 
season  is  ten  days  or  a  fortnight  later  than  12  or  15  miles  in  the 
interior. 

FBEEZING  OF  THE  LAKE. 

The  lake  keeps  open  in  the  center  all  the  cold  season.  In  the 
winter  of  1874*1875  ice  was  cut  16  inches  thick  two  or  three  miles 
out  on  the  lake,  but  this  is  a  rare  occurrence. 

IS  THE  WATBB  LEVEL  OF  LAKE  MICHIGAN  GRADUALLY  LOWERING? 

The  level  of  Lake  Michigan  has  reached  a  stage  a  little  (.16  foot) 
below  th«  lowest  average  stage  known,  that  of  1847,  and,  under  the 
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influence  of  a  southerly  wind,  it  has  recently  gone  two  feet  below  the 
1847  stage.  This  remarkable  diminution  has  been  comimonly  ascribed 
to  the  great  scarcity  of  rainfall  during  the  past  few  months.  Its 
serious  aspect  is  shown  in  the  great  difficulty,  at  times,  in  keeping  up 
the  water  supply  for  the  city  of  Chicago,  and  if  there  is  to  be  a  steady 
diminution  in  the  level  it  will  necessitate,  not  many  years  hence,  a 
radical  change  in  the  methods  of  obtaining  this  supply.  It  becomes 
then  of  the  extremest  importance  to  determine,  if  possible,  whether 
there  has  been  such  a  diminution  in  the  lake  leyel  through  some 
means  other  than  the  scarcity  of  rainfall,  and  whether  this  diminu- 
tion is  likely  to  continue  in  years  to  come. 

It  is  commonly  accepted  among  meteorologists  that  the  rainfall  of 
the  earth  has  remained  practically  constant  for  more  than  100  years, 
that  is,  while  there  may  be  a  scarcity  in  some  years  this  will  be  en- 
tirely made  up  in  succeeding  years,  or,  in  other  words,  there  is  no 
permanent  change  in  the  total  rainfall  reaching  the  earth.  It  is  in- 
teresting to  test  this  question  in  respect  to  the  watershed  of  Lakes 
Michigan  and  Huron.  The  condition  of  rainfall  about  Lake  Superior, 
or  its  water  level,  does  not  enter  the  problem  directly,  since  its  height 
is  602  feet,  while  that  of  Huron  and  Michigan  is  582  feet. 

An  examination  of  the  precipitation  records  reveals  many  serious 
errors,  especially  in  the  measurement  of  snow  previous  to  1885.  The 
records  of  voluntary  observers,  on  whom  alone  we  can  rely  previous 
to  1871,  are  also  far  from  satisfactory.  However,  there  is  a  fair 
probability  that  while  the  absolute  amount  of  precipitation  cannot 
be  determined,  the  relative  amount  from  year  to  year  may  be  regarded  as 
approximately  correct.  There  is  also  a  slight  difficulty  in  that  very  few 
of  the  records  were  begun  in  1852.  Five  stations  were  selected  as  giv- 
ing the  longest  records  and  fairly  well  distributed  over  the  watershed. 
These  are  Chicago,  Milwaukee,  Detroit,  Marengo,  and  Peoria,  which  is 
near  the  watershed.  The  rainfall  records  from  these  stations  have  been 
combined  and  then  smoothed  out  by  taking  the  consecutive  6-year 
means.    Table  LVI  gives  the  total  smoothed  rainfall  from  1853  to  1891. 

Table  hyi.—BaiitfaUctt  Chicago,  MUwavku^  DetroU,  Marengo,  and  Peoria  hyyears. 


Tear. 


x853 
x854 
i8s5 

z8s6 

i8S7 
1858 

x8j 
x8( 

z86z 

z86a 

1863 

x86i 

Mmh 


Amount. 


InehM. 
33-4 
33' 2 
33-1 
37-a 

36.6 
34- o 
35- o 
36.0 

33-1 
32-7 
33-3 
33*4 


34-2 


Tear. 


1865 

1866 

z867 

1868 

X869 

1870 

1871 

187a 

1873 

1874 

1875 

1876 

1877 

Mean 


Amount. 


30-7 
31' 7 
33-9 
32.7 

32*  X 
33-4 

33- 1 
30.8 

32.7 
34.6 
36.0 

36*5 
37*5 

33*5 


Tear. 


1878 
1879 
1880 
i88x 

i88a 
1883 
1884 
1885 

1886 
I 

X889 


Amount. 


37-7 
37-9 
37-1 
3^8 

37- a 
36.6 

33-8 
sa-7 

31-4 
30.5 
3i<s 
3»'4 
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The  most  serious  discrepancy  that  has  been  found  has  been  in  the 
records  at  Marengo.  Mr.  Schott  gives  the  following  precipitation 
records  at  Marengo  and  Riley,  which  are  about  3  miles  apart : 

Table  LVII. — Rair^aU  at  Marengo  and  RUey, 


Year. 


1863. 
1864. 
1865. 


Marengo. 


Inchu, 

25-57 

23-91 
30.71 


Riley. 


Inehu. 
40.46 
46.90 
49.90 


According  to  these  records  there  is  a  difference  of  over.  19  inches  in 
the  annual  precipitation  at  two  stations  only  3  miles  apart,  which  is 
remarkable.  There  is  also  a  record  of  71.0  inches  at  Detroit  during 
1855,  which  seems  excessive.  However,  these  irregularities  are 
partially  smoothed  out  by  taking  the  five  stations  together,  and  it 
would  seem  as  though  the  fluctuation  in  the  annual  rainfall  is  quite 
closely  indicated  by  these  observations.  The  records  have  been 
divided  into  three  groups,  from  1853-1864,  1865-1877,  and  1878-18^89, 
and  the  means  of  the  three  are  34.2  inches,  33.5  incheg,  and  34.5 
inches,  respectively.  It  will  be  seen  that  the  average  12  years  pre- 
cipitation is  greatest  in  the  last  set.  I  have  also  computed  the 
smoothed  observations  of  lake  level  at  Chicago  and  Milwaukee,  and 
the  rainfall  by  months  at  Chicago  in  two  groups,  1854-1872  and 
1873-1891. 

On  Fig.  26  accompanying,  is  a  graphical  representation  of  these 
records ;  a  shows  (in  full  lines)  the  lake  level  at  Chicago  and  (in  dotted 
lines)  the  level  at  Milwaukee.  There  is  a  most  remarkable  and 
satisfactory  correspondence  between  these  curves,  showing  that  the 
effect  of  the  wind,  air  pressure,  and  other  slight  changes  in  the  atmos- 
phere are  practically  averaged  out  in  yearly  records,  or  are  the  same 
at  the  two  stations. 

The  Chicago  lake  level  up  to  the  end  of  1870  was  taken  in  the  river, 
but  since  1871  at  the  "crib,"- some  two  miles  from  shore.  There  is  a 
very  singular  effect  to  be  noticed  in  the  lake  crib  levels  at  Chicago. 
Beginning  with  1871,  the  crib  curve  gradually  draws  near  the  Mil- 
waukee curve  and  crosses  it  at  1880,  and  from  1880  to  1891  it  gradu- 
ally draws  away  from  the  Milwaukee  curve  and  on  the  opposite  side. 
This  may  be  due  to  a  gradual  rising  of  the  crib  through  the  action  of 
the  waves,  though  we  would  naturally  expect  that  the  crib,  if  anything, 
would  settle  in  the  lapse  of  time.  Another  explanation  would  be 
that  the  bottom  of  the  lake  under  the  crib  has  very  slowly  risen. 
The  amount  of  water  pumped  from  the  well  has  gradually  increased 
from  year  to  year,  and  this  may  cause  a  diminution  of  the  lake  level 
at  that  point. 

The  most  marked  peculiarity  in  these  curves,  however,  will  be 
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found  on  comparing  the  broken  curve  (rainfall  over  the  waterflhod  of 
the  lake)  with  the  lake  level  curve,  It  will  be  Been  that  there  have 
been  two  marked  rises  in  the  lake,  one  in  1860  and  the  other  in  1884. 
The  precipitation  curve  shows  a  maximum  in  1856,  but  the  whole 
curve  is  far  below  the  lake  level,  a  second  maximum  in  1879  is  very 
much  longer  continued  than  the  first,  and  is  very  close  to  the  top  uf 
the  lake  level  maximum  in  1884.  A  portion  of  this  differeoce  may 
be  assigned  to  the  rising  of  the  crib  zero,  but  there  is  still  an  ont«tand- 
ing  difference  of  several  inches  in  the  effect  npon  the  lake  of  corres- 
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ponding  amounts  of  precipitation  and  evaporation,  that  is,  a  given 
amount  of  rain  and  snow,  considering  the  evaporation  constant,  in 
1856,  seems  to  have  had  a  much  greater  effect  in  raising  the  level  of 
the  lake  than  in  1879.  A  part  of  this  difference  may  have  been  due 
to  the  rather  low-water  stand  in  1879,  or  at  the  time  the  water  level 
b^an  to  rise,  but  it  would  appear,  on  the  whole,  that  the  only  way 
of  accounting  for  some  of  the  difference  is  on  the  hypothesis  that 
there  ha«  been  a  permanent  diminution  of  the  lake  level  of  some  6 
inches  in  24  years,  or  ^  inch  per  year. 

The  total  area  of  Lakes  Michigan  and  Huron  is  44,800  square 
miles,  BO  that,  considering  the  inflow  from  Lake  Superior  as  averag- 
ing a  constant  quantity  in  a  long  period  of.  years,  and  the  outflow 
from  Lake  Huron,  due  to  the  precipitation  which  flows  from  the 
watershed,  as  also  averaging  a  constant  quantity,  we  have  between 
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one-fifth  and  one-sixth  of  a  cubic  mile  of  water  per  year  that  is 
gxadnally  wasting  away. 

We  may  attack  the  problem  from  still  another  standpoint.  It  is 
known  that  centuries  ago  the  level  of  the  lakes  was  far  above  their 
present  stand.  A  high  level  indicates  a  greater  outflow,  and  this  in- 
creased outflow  would  continue  until  an  exact  balance  was  established 
between  the  total  precipitation  on  the  lakes  and  that  flnding  its  way 
to  them  from  the  watershed,  and  the  outflow.  It  is  impossible  to 
determine  whether  such  a  balance  had  been  reached  at  the  beginning 
of  our  records,  but  we  may  assume  that  it  had. 

There  seems  to  be  a  gradual  diminution  of  the  water  level  >of 
from  i  to  i  inch  per  year.  This  may  seem  an  exceedingly  small 
quantity,  but  it  is  large  enough  to  show  the  necessity  of  conserving 
with  some  care  the  waters  of  the  lakes.  It  is  proposed  to  increase  the 
depth  of  the  waterway  in  the. Saint  Clair  River  to  21  feet,  and  also 
to  cut  an  enormous  waterway  from  Chicago  to  the  Mississippi.  These 
drains  upon  the  lakes  would  be  a  serious  factor.  When  we  add  to 
this  that  the  water  supply  of  Chicago  draws  out  nearly  one-fifteenth 
cubic  mile  per  year,  we  see  forcibly  the  necessity  of  exercising  great 
care  in  preserving  the  natural  level  of  Lake  Michigan. 

MBTEOROLOGIG   SI^MMABY. 

There  is  added  a  monthly  and  annual  summary  of  all  the  oificial 
weather  observations  at  this  station,  Table  LVIII.  The  mean  dew- 
point  is  given  in  Table  LIX.  Table  LX  shows  grains  per  cubic  foot 
of  moisture  from  1882  to  1891.  Table  LXI  gives  the  dates  of  first 
and  last  killing  frosts. 

ABSTRACT  OF  JOURNAL. 

The  daily  journal  contains  a  description  of  all  auroral  phenomena, 
violent  storms,  and  other  facts  of  interest  transpiring  since  the  oc- 
cupation of  this  station  by  the  Weather  Service.  This  has  been 
quoted  from  quite  freely.  It  has  also  been  deemed  advisable  to  quote 
the  observers'  experiences  during  the  great  fire  of  October  8-9, 1871. 

H.  A.  Ha2EN. 
Washinqton,  D.  C.|  Jime  27, 1893. 
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Table  LX. — Grains  per  cubic  foot  of  moisture  in  the  air. 
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Table  LXI. — Dates  of  first  and  last  killing  firosts  at  Chicago. 


Year. 


1873 
1874 
1875 
1876 

1877 

1878 
1879 
1880 
1881 
Z882 


First. 


Last. 


Oct.  23 

Oct.  31     Apr.  24 

Oct.  a  '  May     a 

Oct.  4  !  Apr.  30 
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ABSTRACT  OF  DAILY  JOURNAL.  CHICAGO,  ILL 


1870. 

Nmoember  25. — Slight  aurora. 

November  30. — One  certain  forerunner  of  all  storms  here  seems  to  be  a  strong  current 
of  air  from  the  west  or  southwest,  in  the  former  case  swerving  by  the  north,  in  the  latter 
by  the  south.  In  the  former  case  the  storm  will  attain  its  maximum  when  the  wind 
reaches  the  northeast,  in  the  latter  when  it  reaches  the  southeast  and  east. 

1871. 

February  24. — ^The  wind  of  to-day  was  the  most  violent  that  has  been  experienced  at 
Chicago  since  November,  1860.  Its  rise  and  fall  were  equally  sudden.  At  7  a.  m.  its 
velocity  was  26  miles  ;  at  10  a.  m.,  82  miles ;  at  12.15  p.  m.,  48  miles ;  at  8  p.  m.,  32 
miles ;  at  4  p.  m.,  21  miles  per  hour.  This  storm,  and  that  of  January  18,  go  to  prove 
that  the  Rocky  Mountains  do  not,  as  has  been  generally  supposed,  prevent  meteorolog- 
ical conditions  from  acting  on  their  movements. 

March  18. — ^There  was  a  considerable  auroral  display  to-night 

April  9. — An  aurora  was  visible  at  7  p.  m.  Increasing  in  brilliancy,  at  9  p.  m.  it  ex- 
hibited the  most  magnificent  auroral  display  which  has  been  witnessed  in  Chicago  since 
this  office  was  opened.    It  consisted  of  the  usual  streamers  and  dark  band  underneath. 

April  18. — At  9.15  p.  m.  the  aurora  divided  itself  into  two  distinct  parts,  and  a  band 
resembling  a  curtain,  and  extending  from  one  horizon  to  the  other,  rose  to  about  55^. 
At  9.85  p.  m.  this  separated  portion  had  risen  so  high  that  its  lower  part  was  at  the  pole 
star.  The  whole  was  in  rapid  motion  from  east  to  west  There  was  very  little  of  that 
shooting  motion  sometimes  so  marked. 

May  16. — Bain  commenced  at  5.15  p.  m.,  accompanied  with  thunder.  At  this  time 
a  cloud  of  intense  blackness,  brilliantly  illuminated  with  lightning,  hung  ov^r  the  south- 
ern portion  of  the  city,  and  a  tornado  of  great  friry  for  this  latitude  passed  over  Bndge- 
port  (a  southern  suburb),  causing  considerable  loss  of  life  and  property.  Only  the  out- 
skirts of  the  storm  passed  over  the  city.  The  force  of  the  wind  may  be  illustrated  by 
the  newspaper  report  that  it  lifted  a  house,  carried  it  800  yards,  and  deposited  it  in  a 
ditch. 

May  25. — ^Thunderstorms  traveling  about  all  day.  To-day  has  well  illustrated  what, 
from  the  experience  of  the  past  few  weeks,  appears  to  be  a  fact  Cumulus  clouds, 
whether  discharging  rain  or  not,  which  approach  the  lake  from  the  land  grow  develop- 
ing, or  at  least  maintain  their  proportions  until  they  reach  the  margin  of  the  lake. 
Then  they  di&sipate,  and  what  an  hour  before  was  a  dense  cloud  becomes  reduced  to  a 
few  filaments.  Day  after  day,  with  the  cumulus  clouds  traveling  from  the  southwest, 
have  I  seen  them  standing  about  like  giants  over  all  the  land  and  around  the  shores  of 
the  lake,  while  over  the  lake  the  sky  was  entirely  free  of  cumulus  clouds. 

/line  28. — ^The  rain  commenced  at  7.15  p.  m.  At  7.20  a  hurricane  sprang  up  from 
the  northwest;  this  continued  till  7.40,  doing  considerable  damage  to  trees  and  houses. 
The  rain  during  this  time,  combined  with  the  spray,  presented  very  much  the  appearance 
of  a  snowstorm,  so  dense  was  it  At  7.45  p.  m.  the  rain  nearly  ceased;  the  amount 
which  had  fallen  between  7.15  and  7.45,  as  measured  by  the  Signal  Service  rain  gauge, 
was  1.93  inch.  118 
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JuLy  14. — A  brilliant  aarora  manifested  itself  a  little  before  11  p.  m.  The  streamefs 
and  dark  cloud  beneath  were  Exceptionally  well  defined.  There  was  very  little  appar- 
ent lateral  or  perpendicular  motion.  The  height  of  the  highest  part  was  about  50°,  and 
the  height  of  the  lowest  extremities  of  the  streamers  about  20°.  It  presented  at  11  p.  m., 
when  brightest,  very  much  the  appearance  of  a  curtain.  ^ 

July  16.  The  temperature  rapidly  rose  till  noon,  when  it  marked  85°;  a  northeast  wind 
then  sprang  up,  and  at  4  p.  m.  the  temperature  had  fallen  to  73°.  During  the  time  that 
this  cooling  process  was  going  on,  a  severe  storm  kept  moving  along  the  southern  hori- 
zon. A  slight  shower  occurred  here.  The  storm  evidently  took  place  when  the  north- 
east wind  which  had  sprung  up  at.  noon  met  the  southwest  wind  which  it  was  displacing. 
This  cool  Arctic  current,  as  shown  by  the  p.  m.  reports,  came  down  over  the  whole  Lake 
country  simultaneously.  This  rapid  cooling,  from  the  north,  produced  great  differences 
of  temperature  within  very  limited  areas.  At  4  p.  m.  the  temperature  was  72°  at  In- 
dianapolis, while  at  Saint  Louis  it  was  100°.  At  New  York  the  temperature  was  78°,  at 
Baltimore  93°;  at  both  Indianapolis  and  New  York  great  storms  took  place.  The  barom- 
eter in  neither  case  showed  unusual  symptoms. 

Juiy  21 — ^Aurora  during  the  evening.  The  brightness  was  not  strongly  distinguished 
from  the  darkness,  but  long  bands  of  darkness,  apparently  caused  by  bands  of  this  cirrus 
cloud,  stretched  into  the  brightness. 

JuLy  22. — Slight  aurora,  consisting  of  bright  isolated  streamers  without  any  other 
auroral  accompaniment,  shading  far  up  into  the  sky. 

J%dy  28. — ^Very  cool  for  the  season.  Since  the  18th  the  thermometer  has  not  reached 
70°  till  to-day.  Fronl  the  evidence  of  this  month  alone,  it  could  be  held  that  auroras 
herald  and  accompany  cold  weather. 

July  26. — At  8.40  p.  nL  rain  commenced;  the  wind  changed  from  southwest  to  north- 
west at  3. 50  p.  m.  and  from  northwest  to  northeast  at  4  p.  m.  During  a  few  minutes  before 
4  p.  m.  large  hail  of  about  three-quarters  of  an  inch  in  diameter  fell  scatteringly  amid 
the  rain.  The  outskirts  of  the  shower  only  touehed  the  observer's  oflSce,  but  to  the  north 
and  northeast  a  severe  hailstorm  took  place,  breaking  a  large  amount  of  window  glass. 
At  7  p.  m.  a  heap  of  hail  1}  f^^t  deep  lay  beside  a  church  in  the  northern  part  of  the 
city.  The  hailstones  were  remarkably  smooth  and  regular.  A  mile  south,  I  under- 
stand, there  was  neither  rain  nor  hail.  The  storm  was  wholly  caused  by  the  cold  north- 
east wind  coming  into  antagonism  with  the  warm  southeast  wind.  From  the  roof  one 
could  see,  by  the  smoke,  that  the  extent  of  the  storm  was  precisely  the  same  as  that  of 
the  northeast  wind.  That  this  violent  storm  was  wholly  produced  by  the  contact  of 
masses  of  cdr  of  very  different  degrees  of  temperature,  and  not  by  any  differences  of 
pressure,  is  shown  by  the  fact  that  the  thermometer  fell  from  84°  at  8.58  to  70°  at  4.05 
p.  m.  The  barometer  had  been  falling  somewhat,  but  manifested  no  unsteadiness  on 
thus  suddenly  passing  into  a  much  colder  stratum  of  air.  The  clouds  from  which  the 
hail  fell  were  of  great  elevation.  The  sky  had  been  remarkably  transparent  during  the 
day,  rendering  the  sun's  rays  exceedingly  powerful. 

July  81. — ^The  month  just  gone  is  spoken  of  by  eveiyone  as  being  one  of  the  coldest 
ever  experienced  in  Chicago. 

August  10. — At  11.15  p.  m.  a  flash  of  lightning  struck  directly  over  the  city,  dividing, 
as  it  did  so,  into  a  great  many  branches.  The  report  was  instantaneous,  and  consisted 
of  a  sharp,  cracking  sound.  As  soon  as  the  cloud  came  over  Lake  Michigan  the  dis- 
charges between  it  and  the  earth  became  much  more  frequent — almost  continuous — the 
flashes  descending  in  a  nearly  perpendicular  streanL 

August  11-12,  28. — Slight  auroras. 

August  26. — Cloudy  day,  with  wind  from  northeast.  Northeast  is  supposed  to  be  the 
rainy  direction  here.  This  is  undoubtedly  the  case  during  the  spring  and  winter,  hot 
now,  since  the  atmosphere  is  cooling  and  the  lake  warm,  it  is  not  so  much  so. 

August  81. — From  the  18th  onward  the  thermometer  only  reached  80°  on  two  days, 
and  on  two  days  it  did  not  reach  70°.    The  coolness  has  been  nndenia^y  due  to  the 
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prevalence  of  northeast  winds.  Thirty-two  of  the  156  observations  were  northeast  and  26 
were  east  Even  an  easterly  wind  gets  considerably  cooled  by  passing  over  the  lake. 
The  northerly  winds  have  been  almost  invariably  accompanied  or  preceded  by  anroras. 

September  6. — Warm  day,  87°<  Cirrus  and  cirro-cumulits  clouds  during  the  afternoon 
from  west-southwest.    A  very  bright  auroral  display  took  place  during  the  evening. 

October  16. — Took  possession  of  new  office,  No.  10  W.  Randolph  street,  yesterday. 
Have  been  without  records  from  October  8  until  to-day,  everything  official  having  been 
destroyed  by  the  great  fire,  October  8  and  9.  The  observation  at  10.68  p.  m.,  October  8, 
was  taken  and  transmitted  as  usual.  At  half  past  9  an  alarm  of  fire  was  rung.  Theie 
had  been  a  very  large  fire  the  preceding  night,  which  was  subdued  with  difficulty.  The 
weather  was  intensely  dry,  and  the  wind  blowing  from  the  south-southwest  with  a  velocity 
of  about  twenty  miles  per  hour.  Accordingly  when  by  10  o'clock  p.  m.  the  fire  had  in- 
creased instead  of  diminishing,  many  people  turned  out  to  see  it,  not  from  alarm,  but 
simply  for  the  sake  of  the  spectacle.  At  10.80  the  fire  was  still  confined  to  two  blocks, 
with  a  strong  hold  of  only  one.  The  firemen  at  this  time  seemed  to  have  a  fair  chance 
of  checking  it,  still  the  burning  was  so  great  as  to  enable  one,  by  the  light  of  it,  to  read 
the  time  on  the  city  clock,  one  and  a  half  miles  distant  The  wind  was  carrying  the 
sparks  right  through  the  center  of  the  city,  the  line  lying  only  two  blocks  west  of  the  city 
hall.  Still  no  one  felt  alarmed,  except  those  in  the  immediate  vicinity.  I  myself  was 
present,  and  had  seen  the  much  larger  fire  of  the  preceding  night  checked  by  the  river. 
By  12  p.  m.  the  fire  had  increased  considerably  in  area  and  intensity,  but  as  the  wind  was 
south-southwest,  and  the  river  ran  due  north  and  south,  there  seemed  as  yet  but  little 
danger  for  anything  beyond  the  river.  Hitherto  the  fire  had  been  propagated,  and  with  no 
great  velocity,  merely  by  contact  with  the  fames,  but  toward  1  a.  m.  the  heat  had  become 
so  intense  as  greatly  to  increase  the  power  of  the  wind  in  the  immediate  neighborhood 
of  the  flames.  This  was  especially  the  case  on  the  east  and  west  of  the  fire  toward  the 
front,  the  wind  blowing  straight  toward  the  fire  in  all  directions.  Within  forty  yards  of 
the  blaze  I  estimated  the  wind  blowing  from  the  east  toward  it  at  thirty  miles  per  hour. 
This  caused  a  decided  whirling  motion  in  the  column  of  flame  and  smoke,  which  was  con- 
trary to  the  hands  of  a  watch. 

Blazing  pieces  of  timber  of  considerable  size  were  now  whirled  aldh  and  carried  to  the 
north-northeast,  starting  new  fires  as  they  fell.  These  new  fires  being  in  the  line  of  the 
smoke  were  mvisible  to  those  at  the  old  fire.  One  of  the  fires  was  on  the  east  side  of  the 
river,  only  a  few  blocks  from  the  courthouse.  By  2  o'clock  the  courthouse,  with  all 
the  beautiful  buildings  around  it,  was  in  flames.  The  conflagration  was  now  proceeding 
in  the  line  of  the  wind  as  fast  as  a  man  could  walk.  By  8  a.  m.  the  waterworks,  two 
miles  to  the  northeast  of  the  courthouse,  were  burned.  The  city  having  thus  been  di- 
vided in  two  by  a  sheet  of  flame,  the  fire  continued  to  work  its  way  more  leisurely  to  the 
east  and  west  at  right  angles  to  the  wind,  as  well  as  right  in  the  teeth  of  it  The  fire  on 
the  night  of  the  7th  alone  saved  the  west  division.  It  had  burned  two  blocks  in  breadth 
down  the  west  side  of  the  river.  The  fire  on  the  8th  originated  only  a  few  blocks  further 
south,  hence  it  could  not  progress  north  for  want  of  material.  On  the  east  side  of  the 
river,  in  the  south  division,  the  fire  continued  to  work  toward  the  east ;  this  it  did  with 
the  greatest  rapidity  at  the  southern  limit  of  the  conflagration,  because  there  the  un- 
burned  houses  broke  the  wind  and  caused  a  back  current  at  the  base  of  the  buildings.  As 
soon  as  the  fire  had  thus  got  a  new  swath  of  houses  before  it,  and  the  wind  behind  it, 
away  it  went  tearing,  thus  sadly  surprising  many  who  were  congratulating  themselves 
because  the  first  rush  of  flame  had  spared  them. 

The  Tribune  people  thought  the  strength  of  their  building  had  saved  them,  because  it 
lay  at  the  extremity  of  one  of  the  swaths.  The  next  one  took  it  In  the  north  division 
the  first  msh  of  the  fire  reached  the  lake,  and  then  worked  its  way  westward  to  the  river. 
This  it  did  not  accomplish  before  12  noon  on  the  9th.  The  wind  had  by  9  a.  m.  increased 
to  perhaps  twenty-five  miles  per  hour,  at  the  distance  of  three  miles  to  the  southwest  of 
the  fire.    In  the  immediate  vicinity  of  it,  and  especially  in  the  streets  running  east  and 
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west,  it  was  blowing  with  the  force  of  a  hurricane,  lifting  up  on  the  north  side  whole 
burning  wooden  buildings  and  pitching  them  on  the  tops  of  others.  The  wind,  blowing 
in  all  directions  toward  the  fire,  confused  some  people  in  their  endeavors  to  escape. 
This  also  caused  the  fire  to  progress  along  the  tops  of  the  buildings  before  the  wind,  and 
along  the  bases  against  the  wind.  The  heat  was  intense.  The  buildings  in  front  and  at 
the  sjdes  of  the  fire  began  first  to  smoke  from  the  heat  radiating  from  the  homing. 
Then,  in  many  cases,  without  waiting  for  a  tongue  of  flame  to  touch  them,  they  would 
all  at  once  burst  into  a  blaze.  To  talk  of  fireproof  buildings  in  the  midst  of  such  a 
ftirnace  is  absurd.  Steel  was  melted  in  innumerable  cases,  and  stones  and  brick  were 
burned  to  powder. 

The  firemen  at  first  endeavored  to  check  the  fire  in  front.  As  soon  as  the  fire  had 
gathered  in  force  this  was  not  even  to  be  thought  of;  not  a  single  drop  of  water  oonld 
reach  the  fire.  The  wind  swept  it  aloft ;  besides,  the  firemen  had  to  look  out  ^veral 
of  the  engines  which  went  to  the  front  at  first  got  burnt ;  others  made  futile  efforts  along 
the  side  of  the  fire,  playing  at  right  angles  to  the  wind.  The  fire  ate  in  behind  them,  and 
they  had  to  run.  I  saw  several  engines,  before  the  water  stopped,  doing  nothing.  At 
length  they  saw  what  they  could  do,  and  confined  themselves  to  that.  Letting  the  fire 
have  free  scope  to  the  north  and  east,  they  endeavored  to  prevent  it  from  spreading  south 
against  the  wind.  In  this  they  succeeded,  cutting  it  off  just  as  it  was  preparing  to  lay 
hold  of  immense  piles  of  lumber  which  lay  along  the  river.  This  was  done  about  8  a.  m. 
Monday.  The  efforts  of  the  firemen,  lamed  for  want  of  water,  were  ably  seconded  by 
gunpowder  in  the  forenoon  in  the  southern  division.  The  same  agent  had  been  employed 
to  check  the  northward  progress  of  the  fire,  but  in  vain.  Toward  noon  the  further 
progress  of  the  fire  southward  was 'thus  checked.  In  the  northern  division  it  had  reached 
its  limits  about  the  same  time,  having  burnt  everything  that  would  burn,  out  as  far  as 
Lincoln  Park,  about  four  miles  from  the  courthouse. 

The  loss  of  life  was  greatest  along  the  path  of  the  first  rush  of  fire ;  it  came  so  sudden 
and  unexpected.  Only  those  who  died  in  the  streets  have  been  recovered.  The  very 
bones  of  those  who  were  in  the  buildings  would  be  burned. 

The  observation-office  lay  right  in  the  path  along  which  the  conflagration  mowed  its 
first  swath,  from  the  southwest  through  the  center  of  the  city  to  the  northeast.  I  went 
to  the  scene  of  the  fire  between  10  and  11  p.  m.,  and  did  not  think  of  the  danger  until 
too  late.  Kaufman  was  on  duty,  and  saved  the  most  valuable  of  the  instruments,  but 
only  for  a  time.  He  carried  them  to  his  lodgings,  which  lay  nearer  the  lake,  and  re- 
turned to  find  all  the  buildings  around  the  office  in  a  blaze.  Thinking  himself  safe,  he 
went  back  to  his  lodgings  and  we;it  to  sleep,  and  awoke  in  time  to  find  the  flames  just 
upon  him.  Snatching  his  trunk,  he  escaped  to  the  lake.  Many  trunks  were  lying  there 
in  flames,  and  he  pitched  his  into  the  water.  It  might  have  been  possible  to  have  saved 
everything  by  procuring  a  vehicle  at  first ;  but  vehicles  were  scarcely  to  be  had.  A 
jeweler,  only  a  block  from  the  observation-office,  is  said  to  have  offered  a  thousand  dol- 
lars for  one  in  vain. 

December  8. — Isolated  snowflakes  of  very  perfect  and  beautiful  forms  continued  to 
fall  all  day  without  the  slightest  appearance  of  cloud.  This  caused  an  apparent  haze 
which,  however,  extended  to  no  great  height  in  what  was  otherwise  a  very  dear  sky. 
It  struck  one  that  the  snow  might  be  caused  by  the  cooling  of  the  unduly  heated  air 
over  the  city.  This  hazy  appearance,  which  was  of  different  degrees  of  density,  some- 
times produced  a  halo  and  parhelia.  Similar  phenomena  were  witnessed  here  last 
winter.  During  the  evening  there  was  an  aurora  of  considerable  brightness,  but  only 
faint  traces  of  streamers. 

December  12. — One  of  the  reasons  why  cyclones  take  a  northeasterly  course  generally 
in  these  latitudes  must  be  the  following :  On  the  east  side  of  the  storm  the  wind  blows 
from  a  southerly  direction,  thus  bringing  the  warm,  moist  air  of  the  south  on  the  east  ot 
the  cyclone.  On  the  west  of  the  storm,  on  the  contrary,  the  dry,  cold  north  wind  blows. 
As  the  storm,  other  things  being  equal,  must  move  in  the  direction  of  least  resistance  it 
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must  necessarily  move  towards  the  highest  temperature  and  greatest  moistare,  which  lie 
towards  the  east  and  north,  being  carried  there  by  the  south  wind. 

December  16. — ^A  slight  aurora,  consisting  entirely  of  diffused  light  and  extending 
only  a  few  degrees  above  the  horizon. 

December  24. — The  barometer  at  8.80  a.  m.  reached  28.60,  attached  thermometer  62^, 
and  exposed  44^,  which,  I  believe,  is  the  lowest  which  has  been  reached  at  this  station. 
It  continued  nearly  stationary  till  noon,  when  it  began  to  rise  rapidly.  At  2.15  p.  m.  it 
could  be  observed  creeping  up  with  the  naked  eye.  The  temperature  at  the  same  time 
fell  rapidly  as  the  wind  changed  from  south  and  southwest  to  west.  At  noon  it  was  49®; 
at  2  p.  m.  it  had  fallen  to  82®. 

January  19. — At  night,  even  when  snowing  pretty  heavily,  the  moon  and  stars  could 
be  plainly  seen  as  through  a  haze.  Frequently  there  seemed  to  be  no  clouds  at  all ;  at 
other  times  light  clouds  were  seen  scudding  rapidly  across  the  moon  from  the  north,  the 
wind  meanwhile  blowing  from  the  west.  That  a  cold  current  was  aloft  at  no  great 
height  was  shown  by  the  fact  that  notwithstanding  it  snowed  all  day  the  thermometer 
continued  above  the  freezing  point. 

January  20. — ^The  same  phenomenon  occurred  to-day  as  yesterday,  only  at  night  the 
thermometer  fell  below  the  freezing  point.  It  seems  that  this  snowing  or  raining  with 
a  clear  sky  (or  almost  so)  occurs  when  a  cold  current  of  air  flows  over  the  warm.  When 
the  cold  current  flows  under  the  warm,  dense  clouds  result.  All  these  little  snowstorms, 
of  which  there  have  been  so  many  this  month,  have  been  accompanied  by  all  the  indi- 
cations of  a  true  cyclone. 

January  28. — Another  small  snowstorm,  with  very  considerable  barometrical  depres- 
sion, occurred  to-day.  There  was  the  same  paucity  of  upper  clouds  already  so  frequently 
mentioned,  and  the  wind  veei^d  from  the  southwest  to  the  northwest. 

February  4. — ^At  9  p.  m.  it  cleared  and  a  slight  aurora  was  perceptible. 

March  1. — The  sky  very  transparent  An  aurora  of  considerable  brilliancy  appeared 
in  the  evening.  Toward  10  p.  m.  streamers  began  to  play,  they  had  but  little  trans- 
verse motion.     By  11  p.  m.  the  aurora  was  waning. 

JprUlO. — In  the  evening  there  wasa  very  brilliant  aurora.  Commencing  about  8  p.  m., 
it  attained  its  greatest  brilliancy  about  8.45  p.  m.  The  streamers  were  very  well  marked, 
but  without  any  great  liveliness  of  motion.  The  horizontal  motion  was  from  east 
to  west  Beneath  the  streamers  the  dark  band  was  strongly  marked,  but  of  very  irreg- 
ular form,  presenting  a  circular  but  jagged  outline.  At  8.45  p.  m.  a  portion  of  the  aurora 
separated  itself  from  the  rest  This  separated  portion  formed  a  band  two  or  three  de- 
grees in  breadth  and  of  a  pale,  mild  light,  which  extended  from  the  eastern  horizon, 
passing  a  little  to  the  south  of  the  zenith,  to  the  western  horizon.  Remaining  appar- 
ently stationary,  it  gradually  waned  until,  at  10  p.  m.,  it  was  scarcely  visible.  The 
other  and  normal  portion  of  the  aurora  lost  brilliancy  the  moment  of  the  separation. 

May  9. — The  wind  blew  from  southwest  and  west  till  7  p.  m.,  when  it  suddenly 
changed  to  the  north.  The  temperature  simultaneously  fell  from  68®  to  52®.  At  8.80 
p.  m.  a  faint  aurora  became  visible.  It  consisted  of  streamers  with  a  horizontal  motion 
&om  east  to  west.  At  10  p.  m.  and  onwards  till  midnight  only  a  faint  light  was  visible. 
The  aurora  occupied  the  whole  northern  sky  up  to  about  60®.  There  was  not  the  slight- 
est appearance  of  the  darkness  usually  found  beneath  the  aurora.  The  light  went  right 
down  to  the  horizon. 

May  18. — At  10  p.  m.  a  faint  aurora  was  observed.  A  pale  light,  slightly  tinged  to- 
wards the  north-northeast  with  red.  Towards  the  north-northeast  there  was  also  an  ap- 
proach towards  well  defined  streamers.  The  aurora  there  also  attained  its  greatest 
height — about  40®.    The  dark  shadow  beneath  was  well  defined. 

May  24. — An  aurora  was  observed  at  8.45  p.  m.  It  consisted  at  first  of  pale  stream- 
ers of  small  brilliancy,  reaching  as  far  as  the  pole  star,  and  having  a  horizontal  motion 
firom  6Mt  to  west    No  diooting  motion  observML 
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May  24. — An  aurora  was  observed  at  8.46  p.  m.  It  consisted  at  first  of  pale  streamera 
of  small  brilliancy,  reaching  as  high  as  the  pole  star,  and  having  a  horizontal  motion  from 
east  to  west.     No  shooting  motion  observed. 

June  10. — An  aurora,  consisting  almost  entirely  of  a  diffused  light,  was  observed  at 
8.80  p.  m.,  and  continued  with  little  change  nntil  midnight,  when  observations  ceased. 

July  8. — At  11  p.  m.  a  faint  aurora  was  observed.  It  consisted  of  an  auroral  light, 
extending  only  a  degree  or  two  above  the  horizon,  and  streamers.  The  streamers,  in 
patches  of  different  intensity,  extended  from  northeast  to  northwest  and  reached  as  high 
as  the  pole  star.    They  were  nearly  stationary  as  regards  horizontal  motion. 

July  7. — At  8  p.  m.,  while  yet  the  light  of  the  sun  lingered  in  the  northwest  horiison, 
a  reddish  light  was  observed  in  the  northeast.  As  the  light  of  the  departing  sun  became 
fainter  this  showed  itself  to  be  an  aurora,  which  occupied  the  whole  northern  horizon 
from  the  northwest  to  the  northeast.  The  reddish  light  had  meanwhile  given  way  to  a 
uniform  pale  light.  The  aurora  consisted  of  a  dark  band  of  abont  8^  in  height,  a  bright 
arch  of  dim  light  surmounting  it  and  raising  it  to  about  20^,  an  occasional  streamer 
reaching  down  to  the  horizon  and  extending  to  about  25®  in  height. 

July  8.  — At  9  p.  m.  an  aurora  wlas  observed.  When  first  seen  it  consisted  of  stream- 
era  rising  to  nearly  the  height  of  the  pole  star,  a  circle  of  pale  uniform  light  of  con- 
siderable brightness,  and  the  usual  dark  band  beneath.  Cirro-stratus  in  small  quan- 
tity stood  out  in  clear  relief  from  the  aurora. 

July  10. — An  aurora  of  small  proportions  at  10  p.  m.  was  partially  visible,  the  north- 
em  sky  being  partially  obscured  by  clouds.  As  far  as  seen,  it  consisted  entirely  of 
streamers  and  reached  to  abont  80®  height. 

August  8. — Aurora  visible  from  8.46  p.  m.  till  abont  midnight  Most  brilliant  at 
9.16,  at  which  hour  a  narrow  streamer  of  pale  color  extended  from  the  horizon  to  the 
zenith.  A  dark  segment  was  very  plainly  visible,  extendijig  from  the  west  of  north  to 
the  east  point,  and  above  the  heavens  were  illuminated  to  the  height  of  26®. 

August  8. — Faint  auroral  light  at  8  p.  m.  beginning  to  make  its  appearance,  dark 
segment  along  the  northern  horizon.  At  9  p.  m.  aurora  more  bright  and  distinct;  ap- 
pears now  as  an  arch  of  pale  straw  color,  extending  from  west  of  north  to  north  of  east 
and  about  16®  in  altitude;  9.80  p.  m.,  aurora  suddenly  looms  up  very  brilliantiy,  and  ex- 
tends from  west  of  north  nearly  to  the  east,  streamers  extending  to  itarious  heights,  some 
reaching  the  zenith.  The  colors  are  very  bright  and  varied,  some  of  a  green,  others 
violet,  and  on  the  extreme  eastern  corner  a  diffused  red;  10  p.  m.,  a  very  singular  and 
beautifril  arch  of  light,  of  a  white  color,  suddenly  shoots  up  from  about  20®  above  the 
southeast  horizon,  extending  to  abont  70®  above  the  western  horizon  and  drifting  witlithe 
south  wind.  This  arch  is  so  dense  that  it  obscures  the  stars  behind  it  It  continued 
about  ten  minutes  and  then  gradually  disappeared,  commencing  in  the  east  The  illumi- 
nation in  the  northern  sky  has  now  assumed  a  bluish  shade,  and  above  the  dark  seg- 
ment (which  is  now  black)  resembles  the  folds  of  a  curtain  gently  fanned  by  a  light 
breeze.  Pale  violet  streamers  still  extend  nearly  to  the  zenith;  10.80  p.  m.,  sky  parUy 
obscured  by  cirro-cumulus  clouds  and  aurora  not  so  bright;  midnight,  clouds  have 
cleared  away  and  aurora  is  as  bright  as  ever;  1.80  a.  m.,  complete  corona,  streamers  all 
joined  at  zenith;  6  a.  m.,  the  auroral  display  continued  nntil  daylight,  and  the  ni|mber 
of  shooting  stars,  especially  between  2  and  8  a.  m.,  are  very  unnsnaL 

August  14. — Faint  aurora  first  noticed  at  10.10  p.  m.;  faint  white  or  pale  yellow 
beams  (or  streamers)  shot  up  from  the  usual  dark  segment  (about  80®  above  the  hori- 
zon) nearly  to  the  zenith  and  extending  from  a  little  west  of  north  to  the  northeast  These 
streamers  rapidly  became  more  brilliant,  and  by  10  p.  m.  had  extended  from  the  north- 
west nearly  to  the  east  and  shot  up  beyond  the  zenith.  At  11.46  a  complete  corona 
was  visible,  and  the  sky  exhibits  a  great  variety  of  tints.  About  26®  above  the  horizon 
the  aurora  assumed  the  appearance  of  a  brilliant  curtain  of  frequently  changing 
hues,  some  portions  of  the  sky  being  white,  others  green,  others  straw  color,  and  now 
and  then  (either  in  the  northeast  or  northwest)  a  rosy  hue  deepens  to  a  crunsoii,  and  al 
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one  time  to  a  blood  red.  The  beams  were  in  constant  motion,  and  waves  of  bright 
light  traversed  the  skj  continnallj,  both  from  the  east  to  west  and  from  the  horizon  to 
the  zenith. 

September  4. — Faint  aurora  visible. 

September  5.  — A  brilliant  meteor  was  observed  at  8  p.  m.  Its  first  appearance  was  a  little 
north  and  east  of  the  zenith,  moving  in  a  direct  line,  about  20^  sonth  of  east.  A  line  of 
bright  white  light  showed  its  course,  and  remained  several  seconds  after  it  had  passed. 
When  it  had  reached  about  a  third  of  its  distance  it  went  out  almost  for.  a  second  or  two 
then  brightened  up  and  moved  on  in  the  same  line,  then  for  a  second  time  disappeared  for 
several  seconds.  It  was  then  renewed  again  brighter  than  ever,  and  still  moved  on  in 
the  same  direction  until  it  finally  disappeared  entirely.  This  white  light  was  intensified 
now  and  then  with  a  shade  of  red.    The  entire  display  lasted  nearly  half  a  minute. 

August  7. — ^At  11.12  hail  of  very  large  size  fell  continually  for  about  five  minutes.  As 
the  storm  set  in  the  barometer  rose  rapidly  and  the  thermometer  fell  from  78°  to  67^, 
and  was  as  low  as  64°  during  the  continuance  of  the  hail. 

September  24. — Barometer  falling  and  southerly  wind  continues,  and  at  noon  is  blow- 
ing a  gale  (50  miles  per  hour)  accompanied  by  light  rain. 

October  18. — A  few  flakes  of  snow  fell  at  different  times  during  the  day;  the  first  of 
the  season. 

October  14. — ^A  very  brilliant  auroral  display,  first  noticed  at  9.80  p.  m.;  it  lasted  tiU 
midnight  and  showed  to  the  greatest  advantage  at  about  10.20  p.  m.,  when  converging 
rays  of  a  variety  of  hues,  from  a  rose  color  to  a  vivid  green  and  purple,  extended  nearly 
from  east  to  west  and  almost  to  the  horizon. 

October  18. — Faint  aurora,  first  noticed  at  12^08  a.  m.,  increased  in  brilliancy  very 
rapidly  and  was  at  its  maximum  at  12.80  a.  m.,  when  an  arch  of  white  to  purple- violet 
color  extended  from  northeast  to  northwest,  in  the  latter  direction  assuming  a  rosy  hue; 
this  arch  was  about  45°  in  height,  and  streamers  in  constant  motion  (of  pale  color)  ex* 
tended  nearly  to  the  zenith.    At  1.15  a.  m.  aurora  had  disappeared. 

1873. 

January  23. — Barometer  falling  at  7  a.  hl,  with  sky  covered  with  stratus  clouds  of  a 
threatening  aspect  At  that  hour  a  brisk  wind  was  blowing  from  the  northeast  and  at 
7.80  a  heavy  snow,  in  small  flakes,  began  &Uing.  Thermometer  stationary  at  28°.  The 
wind  increased  in  velocity  during  the  day,  reaching  a  maximum  velocity  at  8  p.  m.  of  86 
miles.  The  snow  continued  to  fall  in  blinding  drifts  during  the  day  and  night,  at  times 
being  so  heavy  as  to  fill  the  air  completely  and  obstructing  the  vision  at  short  distances. 

The  oldest  inhabitant  declared  that  he  had  never  witnessed  such  a  storm.  Sufficient 
snow  was  collected  in  the  gauge  to  measure  .05  inch;  the  amount  which  fell  was  estima- 
ted at  from  6  to  6  inches,  or  .50  to  .70  inch  melted.  The  persistency  of  this  storm  was 
something  remarkable,  extending,  as  it  did,  without  cessation,  over  a  period  of  18  hours. 

January  29. — ^Yery  low  temperature  early  in  the  morning;  the  thermometer  falling  to 
15°  below  zero. 

February  4. — Beautiful  display  of  zodiacal  light  from  6  to  7  p.  m.  The  light  was  of  a 
brilliant  crimson,  deepening  in  shade  near  the  horizon,  and  generally  fading  into  a  pale 
yellow  until  lost  in  the  sky.  No  line  of  demarkation  could  be  traced,  but  the  light  was 
visible  in  the  center  of  the  arch  to  a  height  of  from  15°  to  20°. 

March  26. — The  storm  continued  with  scarcely  unabated  severity  until  daylight,  the 
wind  reaching  a  velocity  of  88  miles  per  hour  at  1.80  a.  m.    Snow  fell  until  8.30  a.  m., 
and  the  wind  began  to  decrease  in  velocity.    At  this  hour  the  depth  of  the  snow,  in. 
drifts  on  the  streets,  was  from  2  to  6  feet 

AprU  6. — Rain  began  to  fall  at  6.80  p.  m.,  and  a  thunderstorm  of  considerable  vio- 
lence from  that  hour  until  10.80  p.  m.  The  flashes  of  lightning  were  very  vivid,  and 
mostly  of  the  variety  known  as  sheet  lightning.  Occasionally  a  flash  of  zigzag  lightning 
was  aeeoy  with  an  accompanying  peal  of  thunder.    This  is  the  first  marked  thunderstorm 
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of  the  seasoD  and  occurs  in  conjunction  with  a  very  high  temperature  (83^)  and  a  brisk 
Bouth-southwest  wind. 

May  1. — Thunderstorm  during  the  evening,  accompanied  by  heavy  rains  and  brisk 
northeast  winds.  The  largest  amount  of  rainfall  during  any  eight  hours  of  the  year  up 
to  this  date  was  from  4  p.  m.  to  midnight.  Very  heavy  peals  of  thunder  and  vivid 
flashes  of  lightning  characterized  the  storm. 

June  18. — At  9  p.  m.  the  first  indication  of  an  aurora  made  its  appearance  in  the 
northern  heavens,  continuing  to  increase  in  size  and  appearance  until  II  p.  m.,  at  which 
time  it  attained  its  maximum  proportions.  The  display  rose  from  a  dark  segment 
extending  15°  each  side  of  the  magnetic  meridian,  and  first  consisted  of  a  poorly 
defined  whitish  hue,  but  gradually  increased  in  brilliancy  until  it  assumed  the  pale  red 
color  peculiar  to  such  displays,  while  well  defined  beams  of  great  brilliancy  commenced 
shooting  upward  from  the  western  side,  attaining  an  altitude  of  45°,  and  gradually  passing 
over  the  segment  to  the  eastern  extremity. 

September  5. — The  account  of  yesterday's  blow  given  by  this  morning's  papers  makes 
it  of  far  more  serious  nature  than  could  be  anticipated  by  parties  in  the  city.  All  the 
captains  of  vessels  that  came  into  port  last  night  speak  of  it  as  a  hurricane,  lasting  about 
an  hour,  and  doing  great  injury  to  all  the  vessels  that  encountered  it  A  peculiar  feature 
of  the  storm  is  that,  while  the  papers  all  speak  of  it  as  being  from  the  south  over  the 
lake,  it  was  from  the  west  over  the  city,  another  where  one  of  the  vessels  encountered 
the  sea  running  from  the  southeast,  while  the  wind  was  from  the  southwest. 

September  15. — After  midnight  the  wind,  which  had  been  blowing  from  the  south, 
shifted  to  southeast,  and  commenced  to  blow  a  gale,  increasing  in  strength  until  about 
8  a.  m.,  when  it  commenced  to  moderate,  and  then  decreased  gradually  until  5  p.  m. 
During  its  continuance  over  the  city  a  number  of  roofs  were  torn  from  buildings  and 
walls  of  others  being  erected  torn  down  ;  the  damage  in  several  sections  amounting  to 
thousands  of  dollars.  The  wrecking  of  the  Ironsides,  a  steamer  plying  between  Mil- 
waukee and  Grand  Haven,  by  that  blow  caused  the  loss  of  a  number  of  lives  and  one  of 
the  finest  vessels  on  the  lake. 

September  19. — The  first  frost  of  the  season  occurred  during  the  past  night 

September  80. — ^A  review  of  the  past  month  reveals  the  fact  of  its  having  been  the 
most  disastrous  one  on  shipping  that  has  occurred  for  some  years  past,  especially  for  the 
season,  while  its  varying  changes  have  been  such  as  to  cause  unusual  comment  by  the 
press,  seafaring  men,  and  the  communitv  at  large. 

December  4. — Barometer  fell  .51  inch  between  midnight  and  7  a.  m.  this  morning,  bnt 
the  wind  constantly  increased,  until  at  6.85  'a.  ul  it  was  blowing  88  miles  per  hour. 
Great  damage  was  done  by  the  storm  in  this  city.  Several  buildings  were  unroofed,  and 
some  in  process  of  construction  blown  down.  Trains  were  all  delayed,  and  several 
vessels  tied  to  the  doc^  were  blown  from  their  moorings. 

1874. 

March  8. — ^The  first  thunderstorm  of  the  season,  accompanied  with  brilliant  lightning, 
broke  over  the  city  between  7  and  8  this  a.  m. 

Jttne  6. — A  storm  struck  the  city  and  was  the  most  violent,  and,  in  some  respects,  the 
most  remarkable  that  has  visited  this  city  for  some  years,  as  regards  the  heavy  rainfall, 
the  display  of  lightning,  and  the  total  absence  of  wind.  The  storm,  which  came  from 
the  west,  moved  slowly.  It  began  raining  about  Zi  miles  south  of  this  office  at  7  p.  m., 
and  rained  in  torrents  for  nearly  two  hours,  during  which  time,  although  the  sky  was 
clouded  and  sheet  lightning  incessant,  no  rain  fell  in  the  central  part  of  the  city. 

August  21. — 6.15  p.  m.  wind  suddenly  shifted  to  north  and  was  followed  by  one  of 
the  heaviest  rainfalls  witnessed  in  this  city  for  some  years ;  2  inches  falling  from  5.80  to 
8  p.  m.,  during  which  time  the  temperature  decreased  19°. 

October  3. — At  9  p.  m.  an  auroral  light  first  made  its  appearance  in  the  northern 
heaveas.    It  first  assumed  a  bright  whitish  oolor,  retaining  it  antil  11.80  p.  m.,  wh«n 
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the  color  changed  to  a  reddish  cast,  and  bright  flames  shot  forth  from  the  luminous 
mass,  extending  to  an  altitude  of  46^;  this  continued  until  midnight,  up  to  this  time 
the  azimuth  of  the  display  did  not  exceed  80^.  '  ; 

October  4. — ^The  auroral  display  ceased  at  8  a.  m.,  having  after  midnight  attained  an 
altitude  of  75^  and  an  azimuth  of  46^. 

November  2. — The  chanj^  in  temperature  from  81®,  during  early  morning,  to  66®, 
during  middle  of  day,  is  the  greatest  daily  change  that  has  come  under  the  notice  of  the 
observer  since  the  establishment  of  this  station.  ^ 

1875. 

January  8. — ^The  temperature  decreased  from  81®  at  4  p.  m.  to  15®  below  zero,  a 
change  of  46®  in  8  hours.  A  change  said  to  be  unprecedented  in  this  section  in  years 
past. 

January  9. — During  the  night  the  thermometer  showed  the  temperature  to  be  20® 
below  zero,  while  thermometers  in  various  parts  of  the  city  ranged  as  low  as  80®  below, 
according  to  locality  and  exposure.  It  is  said  to  be  the  coldest  night  experienced  in  this 
city  for  years  past. 

January  24. — Between  the  hours  of  9  and  10  p.  m.  the  rising  moon  presented  a  very 
peculiar  appearance,  seeing  it  as  it  was  rising  from  the  lake.  From  some  cause  in  the 
atmosphere  its  rays  seemed  entirely  concentrated  into  a  vertical  belt  of  the  same  width 
as  the  moon,  and  extending  above  and  below  about  5®. 

This  peculiar  concentration  of  the  rays  was  probably  due  to  the  amount  of  moisture  in 
the  air  over  the  lake,  for  the  concentrated  rays  gradually  expanded  into  proper  form  as 
the  moon  continued  to  rise. 

February  1. — ^Two  bright,  luminous  spots,  one  on  either  side  of  the  sun,  were  visible  for 
a  short  time  this  morning  at  early  sunrise.     These  are  what  are  termed  *'  sun  dogs." 

Febnuxry  8. — ^The  wind  from  2  to  4  p.  m.  was  blowing  at  the  rate  of  40  miles  per 
hour.  From  4  p.  m.  it  abated,  but  still  continued  high  until  ^fter  midnight.  So  high  a 
wind  has  not  been  experienced  in  this  locality  since  the  night  of  the  great  fire  that  destroyed 
the  best  portions  of  the  city.  Considerable  damage  was  done  to  buildings  throughout 
the  city,  and  several  vessels  were  torn  from  their  moorings  and  badly  damaged  before 
being  secured. 

February  12. — Temperature  18®  below  zero  this  morning,  and  on  the  outskirts  of  the 
city  as  low  as  20®  below.  The  continued  cold  weather  of  the  past  six  weeks  has  frozen 
the  ground  to  the  depth  of  from  4  to  6  feet,  in  some  places  freezing  the  main  water  pipes. 
A  large  number  of  service  pipes  have  been  frozen  for  some  days,  and  great  inconvenience 
is  the  result. 

March  14.— rAt  8.65  p.  m.,  and  until  9  p.  m.,  hailing,  some  of  the  hail  being  unusually 
large ;  one  inch  in  diameter  being  the  medium  size. 

March  16. — Gale  continued  until  midnight.  Considerable  damage  was  done  to  build- 
ings in  course  of  erection,  and  to  lighter  objects  exposed  to  its  violence,  but  none  to  the 
shipping  interests. 

June  21. — The  rainfall  from  2.80  to  8.80  p.  m.  was  unusually  heavy,  amounting  to 
1.56  inch. 

June  28. — Between  2  and  8  a.  m.  a  very  heavy  squall  passed  over  the  city  from  the 
southwest,  doing  considerable  damage  to  buildings  in  course  of  erection,  also  injuring 
some  vessels  exposed  to  its  fury.  It  was  accompanied  by  rain,  heavy  thunder,  and 
lightning. 

July  16. — A  very  sudden  and  severe  squall  passed  over  the  city  between  midnight  and 
2  a.  m.  The  squall  passed  from  northeast  to  southwest,  and  was  accompanied  by  severe 
thunder  and  vivid  lightning,  but  no  rain.  Yesterday  afternoon  Professor  Donaldson  and 
a  Mr.  Grimwood,  reporter  for  the  Evening  Journal,  ascended  in  a  balloon  from  Barnum's 
circus,  and  were  blown  out  over  the  lake  by  the  southwest  wind.  Fears  are  entertained 
that  they  are  caq^t  in  the  squall  and  probably  lost. 
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Attgtist  5. — At  9  p.  m.  a  very  heavy  sqnaQ  struck  the  city,  blowing  for  abont  five 
minutes  at  the  rate  of  45  miles  per  hour.  A  small  quantity  of  rain  fell  at  the  same  time. 
The  heaviest  of  the  storm  passed  to  the  southwest  of  the  city,  doing  a  great  deal  of  dam- 
age to  everything  exposed  to  it,  especially  the  crops. 

August  7. — This  morning's  papers  give  a  very  distressing  account  of  the  damage  done 
by  the  rain  and  storm  of  the  6th  and  6th,  and  the  loss  to  the  farming  community  by  the 
floods,  the  latter  still  continue ;  also  accounts  of  several  vessels  being  wrecked,  but  not 
in  this  vicinity. 

September  9. — ^A  very  heavy  rain  commenced  falling  at  12.10  fw  m.,  continuing  untfl 
8.80  a.  m.,  commencing  again  at  3.40  p.  m.  and  continuing  until  midnight;  the  total 
fall  of  the  day  being  8.60  inches,  it  being  the  heaviest  fall  for  one  day  that  has  occurred 
in  this  city  for  months.  At  6  p.  m.  the  wind  suddenly  shifted  from  south  to  north,  in- 
creasing in  velocity  until  midnight,  when  it  was  blowing  at  the  rate  of  36  miles  per 
hour.  The  fall  of  rain  during  the  morning  was  accompanied  by  a  brilliant  display  of 
lightning  and  heavy  thunder.     A  &11  of  24°  from  2  p.  m.  to  midnight. 

September  11. — The  worst  fears  of  the  disastrous  effect  of  the  storm  of  the  9th  and 
10th  have  been  fully  confirmed,  and  this  morning^s  papers  give  a  distressing  account  of 
the  damage  done,  full  particulars  of  which  have  been  forwarded  to  0.  C.  S.  0.  by  letter 
this  day.  Those  exposed  to  the  storm  on  the  lake  speak  of  it  as  the  worst  they  ever  en- 
countered. 

December  81. — The  maximum  temperature  during  the  day  was  68^,  the  highest  that 
has  been  experienced  for  years.  The  same  can  be  said  for  the  whole  month,  the  warmth 
of  it  being  commented  upon  both  by  the  public  and  the  press. 

1876. 

January  81. — ^The  past  month  has  been  remarkable  for  its  warmth,  the  mean  temper- 
ature being  15.5°  higher  than  for  January,  1876. 

February  8. — Heavy  thunderstorm  commenced  at  9  p.  m.,  continuing  until  after  mid- 
night; bright  lightning. 

March  16. — At  12  noon  the  barometer  had  reached  the  lowest  point  in  past  two  years, 
28.965  inches  (corrected),  the  fall  in  24  hours  being  1.101  inch. 

April  28. — Warm  and  dear.  Several  steamers  succeeded  in  forcing  their  way  through 
the  ice  in  the  Straits  of  Macinac.     This  event  is  practically  the  opening  of  navigation. 

May  6. — At  9. 10  p.  m.  the  city  was  visited  by  a  violent  tornado,  which,  though  lasting 
but  from  two  to  three  minutes,  did  damage  in  and  about  the  city  estimated  at  $250,000. 
The  course  of  the  tornado  was  from  southwest  to  northeast,  having  a  swift  rotary  motion 
from  right  to  left,  bounding  along  like  a  ball  in  its  full  force,  apparently  reaching  the 
ground  but  two  or  three  times.  The  last  seen  of  it  was  on  the  lake  in  'the  vicinity  of 
the  **crib,"  at  which  place  it  demolished  the  fog  bell  and  tower.  It  was  also  reported 
that  numerous  water  spouts  were  seen  in  that  vicinity  at  the  time.  During  its  passage 
the  rain  fell  in  torrents,  and  it  was  accompanied  by  thunder  and  sharp  flashy  of  light- 
ning.    Many  of  the  vessels  in  the  lake  were  damaged  to  some  extent 

September  26. — Aurora  in  the  evening  at  10  and  ending  at  8  a.  m.;  bright  flashes  of 
light  from  east  to  west,  gradually  fading  out  and  then  reappearing. 

September  27. — A  light  frost  was  observed  upon  the  walks  this  morning,  the  first  seen 
in  the  city  this  season. 

October  14. — The  first  snowflakes  of  the  season  fell  to-day,  but  not  in  a  sufiicient 
quantity  for  measurement.  The  man  at  the  *'crib''  telegraphed  to  this  city  at  9  a.  m. 
that  the  wind  at  that  place  was  blowing  at  the  rate  of  65  miles  per  hour  and  the  waves 
were  running  12  feet  high.  The  wind  at  this  station  did  not  register  over  24  miles  per 
hour. 

December  1.  — ^The  weather  on  the  lake  b  reported  as  being  very  rough,  and  vessels 
arriving  were  thickly  coated  with  ice.  No  vessels  cleared  during  the  day,  and  those 
that  left  yesterday  were  obliged  to  return  for  shelter.    Vessels  after  arriving  and  onload- 


ABSTRACT  OP  JOURNAL.  123 

ing  generally  strip  and  tie  up  for  the  winter,  and  navigation  has  now  practically  closed 
at  this  port  for  the  winter. 

1877. 

January  31. — ^The  snow,  which  has  been  on  the  gronnd  since  November  80,  has  given 
62  days  of  unintermpted  sleighing  in  the  city,  and  is  now  fast  disappearing. 

March  20.-^Heavy  snowstorm  commenced  at  1.80  p.  m.,  and  at  the  same  time 
several  lond  peals  of  thunder  were  heard. 

April  2. — The  southwestern  portion  of  the  city  is  badly  flooded  by  water,  caused  by 
the  overflow  of  the  Desplaines  River  and  canal.  The  low  prairie  is  covered  with  water 
to  the  depth  of  several  feet  in  some  places,  and  considerable  damage  has  already  been 
done  to  streets  and  sidewalks. 

April  8. — The  flood  in  the  southwestern  portion  of  the  city  continued  to  increase 
during  the  night,  and  several  large  manufactories  have  been  stopped  by  the  water.  The 
Chicago  River  is  very  high,  and  is  discharging  a  rapid  current  into  the  lake,  and  many  of 
the  low  docks  and  slips  along  the  river  are  under  water.  The  ice  on  the  outer  harbor 
and  lake  has  disappeared,  having  been  driven  up  the  lake  by  the  south  wind.  The 
muddy  and  impure  water  flowing  from  the  river  can  be  traced  out  into  the  lake  for  a 
distance  of  several  miles  and  extends  beyond  the  "crib.'' 

June  20. — ^The  propeller  "  Concord ''  succeeded  in  breaking  her  way  through  the  ice  in 
the  Straits  of  Macinac  at  2  p.  m.  to-day. 

May  28. — A  bright  aurora  during  the  evening  was  first  observed  at  8.15  p.  m., 
brightest  from  8.80  to  8.^5,  gradually  growing  fainter,  and  disappearing  as  the  moon 
arose  at  10  p.  m.  The  arch  had  an  altitude  of  about  25^,  and  from  this  bright  streamers 
shot  up  to  the  zenith,  and  at  times  extended  from  6^  to  10^  beyond  that  point  At 
times  large  bodies  of  light,  of  irregular  cloud-like  form,  would  appear  in  the  east  and 
disappear  in  the  northwest. 

May  25. — A  violent  storm  of  wind  and  rain  passed  over  the  station  to-day. 

July  2. — Heavy  rain  early  in  a.  m.,  and  at  6.46  p.  m.  a  severe  thunderstorm  passed 
over  the  station,  during  which  a  few  hailstones  of  a  very  large  sis&e  fell. 

October  11. — An  aurora  during  the  evening  was  first  observed  at  10  p.  m.  and  lasted 
until  1  a.  m.  of  the  12th.  The  brightest  display  being  at  12.80  a.  m.  of  the  12th.  The 
altitude  of  the  crown  of  arch  was  about  20°. 

November  5. — The  rain  of  last  night  turned  to  sleet  and  snow  at  8.20  a.  m.,  with  a 
furious  northeast  gale.  The  schooner  "Ohio''  came  ashore  on  the  breakwater  and 
was  dashed  to  pieces.  The  *  *  Gardner, "  *  *  Coral, "  *  *  Pennington, ' '  and  *  *  Chapen ' '  were 
also  beached  in  this  vicinity,  together  with  numerous  other  minor  disasters. 

Ntmember^. — ^The  schooner  "D.  G.  Williams"  struck  the  breakwater  about  mid- 
night last  night  and  went  to  pieces. 

1878. 

Fdnuary  27. — Ice  along  the  shore  went  out  to-day. 

March  6. — Heavy  hailstorm  reported  at  2  p.  m.  in  the  suburbs  10  miles  south  of  here. 
The  storm  is  said  to  have  lasted  20  minutes,  during  which  time  1}  inch  fell.  The 
track  was  about  800  yards  wide,  and  the  hailstones  were  of  an  average  size  and  uni- 
formly globular. 

March  17. — ^A  squall  lasting  16  minutes  (10.80  to  10.46  a.  m.)  passed  over  the  station, 
the  wind  attaining  a  velocity  of  27  miles.     No  casualities  reported. 

March  24. — No  vessels  left  this  port  while  the  signals  were  displayed,  except  the 
fore  and  afl  schooner  "Minnie  Corbett,"  of  Grand  Haven,  Mich.  This  vessel  left 
port  at  6  p.  m.  and  attempted  to  weather  the  breakwater,  but  was  compelled  by  the 
force  of  the  gale  and  the  heavy  sea  running  to  let  go  her  anchors  in  the  outer  bay. 
During  the  night  the  gale  continued  to  increase,  sweeping  the  boat  from  her  moorings 
and  driving  her  bow  on  the  breakwater,  where  s&e  now  lies  breaking  up  piecemeal*-* 
total  wreck. 
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March  25. — ^The  report  of  the  keeper  of  the  Life-saying  Station  at  this  port  contains 
the  following  clause  referring  to  the  wreck  of  the  " Minnie  Corbett "  :  "Her  wreck 
may  be  attributed  to  the  high  wind  and  heavy  sea  from  northwest  to  northeast,  which 
caused  her  to  drag  her  anchors ;  also  to  the  want  of  caution  in  her  commander  in  sailing 
from  this  port  while  the  storm  signals  of  the  U.  S.  Signal  Service  were  displayed.*' 

May  2^, — Down  signals  received  at  9.50  a.  m.  Not  justified,  although  in  the  im- 
mediate suburbs  the  wind  blew  a  fierce  gale,  uprooting  trees,  unroofing  several  houses, 
and  otherwise  injuring  much  valuable  property. 

Jvly  6. — A  large  and  brilliant  meteor  was  observed  at  8.05  a.  m.  Was  first  seen 
within  the  constellation  Ursa  Minor,  its  direction  being  through  the  Corona,  disappear- 
ing at  the  horizon  a  little  south  of  Libra.  This  meteor  was  as  large  as  the  full  moon, 
and  while  visible  (about  12  seconds)  gave  a  light  of  three  times  the  intensity  of  the 
moon  on  a  clear  night.  The  *' cloud '*  in  the  wake  of  this  phenomenon  was  a  pale 
luminous  streak,  covering  the  entire  track  of  the  meteor.  It  had  no  apparent  motion, 
but  disappeared  gradually  from  west  to  east,  and  was  entirely  obliterated  in  11  seconds. 

July  26. — The  rain  of  last  night  continued  until  6.55  this  morning,  and  is  the  heaviest 
shown  by  the  records  of  this  station.  The  greater  quantity  of  rain  (I  should  estimate 
two-thirds  of  the  whole)  fell  between  11.80  p.  m.  of  the  25th  and  2.30  a.  m.  of  26th. 
The  damage  caused  by  rain  would  be  a  difficult  matter  to  estimate,  being  so  general 
throughout  the  entire  city  and  suburbs.  Railroads  and  culverts  were  washed  oat, 
cellars  flooded,  buildings  in  course  of  erection  leveled,  sewers  choked  (although  their 
guaranteed  capacity  is  for  one  inch  rainfall  per  hour)  and  the  streets  and  sidewalks 
more  or  less  damaged.     The  total  fall  was  4. 14  inches. 

August  8. — ^A  squall  struck  here  at  2  p.  m.  which,  though  not  attaining  a  velocity  of 
more  than  22  miles  an  hour  at  this  station,  must  have  reached  at  least  twice  that  force 
on  the  lake  within  10  miles  of  here.  Every  vessel  within  that  radius  lost  some  of  her 
canvas ;  two  yachts  lost  all  their  spars  and  rigging ;  a  steamer  and  two  schooners  were 
driven  aground  on  the  northeast  breakwater;  one  fishing  smack  was  capsized,  and 
several  minor  casualties  are  reported.  The  wind  during  this  squall  was  from  the  south- 
west, but  afler  the  squall  had  passed  the  wind  veered  suddenly  to  the  north,  remaining 
there  for  15  minutes,  and  again  backing  to  the  southwest.  The  temperature,  meanwhile, 
dropped  from  91°  to  80°  between  1.50  and  2  p.  m.  The  barometer  was  remark- 
ably steady,  giving  no  premonition  of  this  disturbance. 

August  12. — Meteoric  showers  from  10.15  until  midnight,  from  every  quarter  of  the 
horizon.  The  number  of  meteors  that  fell  (even  for  a  fraction  of  a  second)  could  not 
be  computed.    The  display  is  considered  one  of  the  most  remarkable  ever  observed  here. 

September  21. — Light  hoar  frost,  the  first  this  season,  last  night. 

September  25. — Up  signals  received  at  11  a.  m.  The  heaviest  rainstorm  ever  seen  in 
this  city  swept  over  at  11.80  a.  m.,  lasting  8  minutes.  It  was  accompanied  by  sharp 
thunder  and  difiPuse  lightning,  which  illuminated  the  sheet  of  water  that  was  coming 
down  in  a  manner  similar  to  an  electric  discharge  on  a  plate  of  wet  glass.  The  direc- 
tion of  the  wind  just  before  the  storm  was  southerly,  and  a  drizzling  rain  had  been  fall- 
ing for  some  time.  The  wind  backed  suddenly  to  the  west-southwest,  and  in  less  than 
thirty  seconds  the  deluge  came  on.  The  streets  in  two  minutes  looked  like  so  many 
canals  ;  cellars  were  flooded  in  five  minutes,  and  the  houses  on  the  opposite  side  of  the 
street  could  not  be  distinguished,  even  in  outline,  through  the  semi-opaque  mass. 

A  sprinkling  of  hail  fell  when  the  rain  beg&n  to  slack  up,  the  stones  averaging  }  of  an 
inch  in  diameter,  irregular  in  shape,  and  with  a  formation  of  hard,  transparent  ice.  The 
rain  gauge  at  11.40  a.  m.  showed  a  fall  of  .97  inch,  .92  inch  of  which,  I  have  estimated, 
fell  in  8  minutes,  being  at  the  rate  of  nearly  7  inches  an  hour,  or  mOre  than  three  times 
the  guaranteed  capacity  of  the  city  sewerage.  The  barometer  had  been  falling  rapidly 
and  steadily  for  16  hours,  and  fluctuated  very  slightly  during  the  storm. 

November  2. — Signals  hoisted  yesterday,  justified,  wind  26  miles.  All  vessels  remained 
in  port  during  the  display ;  those  caught  oat  on  the  lake  were  rooghly  handled.    Gap- 
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tain  Saunders,  of  the  bark  "Kelderhouse,"  was  lost  overboard  dnringgale.    The  bark 
"Woodruff"  wrecked,  and  two  of  her  crew  missing.     The  schooners  "American," 
"Australian,"  "Montpelier,"  and  one  unknown,  were  washed  ashore,  and  the  bark 
"Rutter"  sunk,  besides  numerous  minor  disasters. 
December  31. — ^The  depth  of  snow  on  the  ground  at  this  date  is  about  14  inches. 

1879. 

January  81. — About  8  inches  of  snow  on  the  ground  at  this  date. 

February  28. — AboYit  26  inches  of  snow  on  the  ground  up  to  date. 

April  1. — Navigation  opened. 

April  2. — Hard  frosts  at  night. 

AprU  10. — Geese  flying  north. 

^fay  26. — Heavy  rain  and  thunder  storm  commenced  at  1  a.  m.  and  ended  at  6.80 
a.  m.  There  was  no  perceptible  interval  between  the  lightning  flash  and  the  thunder 
crash,  and  the  fluid  ran  along  every  telegraph  line  in  the  city,  destroying  hundreds  of 
instruments  and  other  telegraph  material,  and  ringing  a  general  fire  alarm  at  fire  de- 
partment headquarters.  Fortunately  no  lives  were  lost,  nor  other  property  seriously 
damaged,  owing  probably  to  the  great  conducting  power  of  the  deluge  of  rain  that  fell 
during  the  fiercest  interval.  Several  hundred  cellars  were  flooded  by  the  rain  in  the 
southern  and  western  districts. 

November  20. — A  heavy  gale  pervaded  the  lake  during  the  aflevnoon  of  the  19th  and 
morning  of  the  20th,  causing  great  damage  to  vessels.  The  schooner  "Clara  Parker" 
driven  ashore  at  the  foot  of  80th  street. 

December  16. — Close  of  navigation  for  sailing  fleet  and  steamboats. 

1880. 

February  29. — About  4  p.  m.  a  peal  of  thunder  and  a  flash  of  lightning  accompanied 
by  a  small  amount  of  rain. 

March  10. — Hard  frost  during  night.  Wild  geese  observed  flying  in  a  northerly 
direction. 

AprU  19. — Heavy  wind  storm  at  2  a.  m.  Blew  at  the  rate  of  85  miles  per  hour  for 
the  first  15  minutes,  lulled  afterwards  until  5  a.  m.,  when  it  began  again.  Heavy  peals 
of  thunder  and  vivid  flashes  of  lightning  (zigzag)  early  in  the  morning,  and  at  intervals 
up  to  dawn.  Rain  in  heavy  dashes,  of  short  duration,  at  intervals  up  to  about  7.25  a.  m. 
Windstorm  ended  at  5  p.  m.  Maximum  velocity  85  miles  from  the  south.  Much  local 
damage  reported. 

Tabernacle  and  Plymouth  churches  were  damaged  by  wind,  the  former  having  a 
chimney  carried  off,  windows  broken,  etc.,  and  the  latter  a  part  of  the  roof.  No  dam- 
age to  shipping  yet  heard  from. 

May  25. — At  12.58  p.  m.  a  sharp,  sudden  report  was  heard  from  the  southeast,  re- 
sembling considerably  the  report  of  a  cannon,  and  Private  Conrad  reports  that  just  at 
that  time  he  saw,  for  an  instant,  a  bdU  of  lightning, 

June  6. — Heavy  thunderstorm  early  this  morning,  with  brilliant  sheet  and  aigzag 
lightning.  Heavy  windstorm  from  the  southwest  at  6.80  a.  m.,  lasting  until  4.80  p.  m. 
No  known  damage  in  this  vicinity.  Much  damage  reported  farther  up  the  lake,  maxi- 
mum 86  miles. 

August  12. — Clear  weather.  Aurora  observed  at  9  p.  m.,  consisting  of  a  dark  seg- 
ment on  the  northern  horizon,  clearly  defined  but  slightly  irregular  in  outline.  At  9.05 
p.  m.  segment  disappeared  and  was  immediately  followed  by  a  display  of  faint  streamers 
shooting  up  towards  the  zenith,  highest  from  a  point  due  north,  and  extending  45^  and 
50°  east  and  west  of  it.     At  times  these  streamers  reached  a  height  of  about  75°. 

August  18. — Aurora  again  observed  at  8.25  p.  m.,  which  consisted  of  pale,  phos- 
phoresent,  faintly-defined  vertical  shafls,  extending  upwards  to  about  80°,  from  a  faint 
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haze  bank  in  the  northern  horizon,  and  from  about  165^  to  195^  of  azimath.    At  times 
a  feeble  lateral  movement  from  east  to  west  was  observed. 

Aitgust  14. — Aurora  recurred  faintly  at  12.18  a.  m.  Faintly  defined  shafts  shot  up 
about  30^.    Faded  at  12.20  a.  m.    Heat  lightning  in  the  northeast  at  12.18  a.  m. 

September  29. — Light  frost  this  morning.    First  observed  at  station  this  season. 

October  1. — Heavy  thunderstorm  at  3.80  a.  m.,  with  brilliant  zigzag  lightning  and 
frequent  heavy  rain  showers  up  to  about  6.80  a.  m.     E[ail  size  of  buckshot 

October  17. — Wind  continued  with  but  slight  abatement  up  to  2.16  a.  m.  One  un- 
known schooner  reported  sunk  out  in  lake  a  short  distance  from  port  Owing  to  timely 
warning  given  by  signal,  this  is  the  only  serious  disaster  yet  reported  to  shipping  in  this 
vicinity.  In  South  Chicago,  ** North  Chicago  Rolling  Mills/'  partially  built — walls  14 
inches  thick — were  blown  down,  burying  several  workmen  in  the  ruins.  Part  of 
Wheeler's  new  elevator,  in  course  of  erection,  was  blown  down,  also  about  one-half  of 
Illinois  Central  elevator. 

October  18. — The  unknown  schooner  referred  to  yesterday  found  to  be  the  '*  David 
A.  Wells,*'  which  is  reported  to  have  gone  down  with  her  crew  of  8  men. 

October  19. — The  steam  barge  ** Trader,"  running  between  Chicago  and  Muskegon, 
was  found  waterlogged,  with  parts  of  works  swept  off.  The  crew  were  saved.  The 
steamer  *^  Alpena,"  which  left  Grand  Haven  on  the  night  of  the  16th,  with  about  60 
persons  on  board,  including  her  crew,  is  also  believed  to  have  gone  down.  She  was 
seen  by  other  vessels  about  30  miles  from  Chicago.  Fragments  of  wreck  were  picked 
up  on  eastern  shore  south  of  Grand  Haven,  marked  * 'Alpena."  The  height  of  the 
waves  and  the  fury  of  the  storm  is  the  subject  of  general  comment  even  among  old 
mariners. 

1881. 

February  27. — Heavy  hail  for  a  few  minutes  shortly  after  noon.  Stones  as  large 
as  ordinary  peas. 

March  19. — Windstorm  from  4  a.  m.  to  11.16  a.  m.  Maximum  velocity,  86  miles 
from  the  northeast  at  7.86  a.  m.  Prevalent  direction  during  storm^  north.  No  known 
damage. 

AprU  11. — Propeller  "Oconto"  arrived  to-day  from  Milwaukee.  First  arrival  of 
steamer.     Navigation  practically  opened. 

April  21. — ^Flood  in  Chicago  River  caused  by  overflow  of  Desplaines ;  southwestern 
portion  of  city  inundated;  considerable  damage  done  to  property. 

June  29. — Heavy  thunderstorm  from  2  to  4  a.  m.,  accompanied  by  heavy  rain  frt)m 
2.67  to  4.20,  and  heavy  windstorm  from  the  southwest  at  2.66,  lasting  for  18  minutes. 
Maximum  velocity,  82  miles. 

July  20. — Heavy  thunderstorm  at  10.30  a.  m.,  lasting  about  1}  hour,  accompanied  by 
heavy  rain  and  brilliant  zigzag  lightning. 

July  21. — Heavy  thunderstorm  early  this  morning,  with  unusually  intense  electric 
display. 

August  8. — Highest  temperature  this  year,  98.8^;  a  few  cases  of  sunstroke. 

August  4. — Highest  temperature  since  1874,  maximum  97. 9^ 

September  18. — Aurora  visible  at  1.10  a.  m.,  consisted  of  a  faint  arch  of  light  of  about 
6°  altitude,  extending  from  about  8°  west  of  the  north  point  to  12^  east 

November  11. — Rain  from  about  6.16  a.  m.,  heavy  in  general  up  to  about  8  p.  m., 
when  it  changed  to  light;  8.18  inches  up  to  10.18  p.  m. ;  inundated  low-lying  portions  of 
the  city. 


April  9. — Heavy  thunderstorm  early  this  morning,  with  very  heavy  rain  at  1>80  a.  m. 

AprU  10.— Windstorm  continued  up  to  2.16  a.  m.  Schooner  "Espanola,"  laden 
with  ties,  en  route  from  Grand  Haven  to  South  Chicago,  was  wrecked  off  the  harbor 
early  this  morning. 
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April  IB. — Aurora  observed  at  9.40  p.  m.  Consisted  of  a  hazy  segment  about  15^ 
high,  surmounted  by  an  arch  of  light  about  5^  broad,  extending  from  about  40^  east  of 
north  to  30°  west.  The  arch  slowly  ascended,  and  at  10.16  was  about  40°  in  altitude. 
DurinjB^  the  next  10  minutes  it  widened  towards  both  horizon  and  zenith  and  disap« 
peared,  leaving  only  a  faint  glow.  About  10.80  vertical  columns  began  to  shoot  up 
from  near  the  north  point  towards  the  zenith,  and  were  soon  accompanied  by  similar 
displays  in  the  west  first,  and  afterwards  in  the  east ;  the  aurora,  meanwhile,  having  ex- 
tended laterally  to  about  66°  west  of  north,  and  to  about  70°  east.  The  shafts  gradu- 
ally extended  laterally,  and  finally  converged  to  a  point  about  16°  south  of  the  zenith, 
changing  in  color  from  pale  yellow  to  blue,  red,  and  crimson. 

About  16  minutes  to  11  it  attained  its  greatest  brilliancy.  The  point  of  convergence 
near  the  zenith,  a  circular  black  nucleus  presenting  a  decided  contrast  to  the  brilliancy 
of  the  converging  beams  which  varied  from  a  deep  red  at  their  summits  to  a  pale  blue 
near  the  horizon.  At  this  time  the  display  covered/  about  two-thirds  of  the  sky.  At 
irregular  intervals,  a  tremulous  swinging  movement  was  observed  from  east  to  west, 
and  vice  versa.  About  10.66  it  began  to  fade,  and  at  11.00  a  faint  glow  remained, 
varied  by  occasional  feeble  beams  shooting  up  towards  the  zenith  from  the  horizon. 

The  wires  of  the  various  telegraph  offices  were  unusually  affected.  At  the  Western 
Union  office  the  batteries  were  detached  and  wires  worked  both  to  Omaha  and  New 
York,  the  current  being  very  powerful  Wires  running  north  and  south  were  also  much 
affected,  but  not  nearly  so  powerful  as  those  running  east  and  west  Said  to  have  been 
the  most  intense  electric  storm  ever  experienced  in  Chicago.      * 

April  17. — Aurora  continued  up  to  dawn,  was  characterized  by  recurring  fits,  con- 
sisting chiefly  of  vertical  shafts  shooting  up  from  the  horizon  with  great  rapidity  and 
quickly  disappearing,  and  a  faint  luminous  glow  resembling  dawn. 

Ju7^e  27. — Heavy  thunderstorm  beginning  at  4.40  p.  m.  and  lasting  for  about  an  hour. 

Augusts. — Faint  aurora  at  9  p. m.,  extending  firom  about  10°  east  of  north  to  36° 
west. 

Octobers, — Auroraat  9.16  p.  m.  A  faint  luminous  glow  on  the  northern  horizon, 
extending  from  about  16°  west  of  north  to  about  26°  east  of  north,  and  in  altitude  about 
26°  at  its  centei^  At  about  10.80  streamers,  faintly  defined,  shot  up  from  the  north  to 
about  36°  in  height,  and  slowly  faded  away.  Soon  afterward  an  auroral  arch  formed, 
extending  firom  northwest  to  southeast,  apparently  about  the  breadth  of  an  ordinary 
rainbow,  but  wider  at  its  extremities. 

November  13. — First  heavy  frost  of  the  season  this  morning.  Light  flurries  of  snow 
from  2  to  7.40  this  morning.    First  snow  of  the  season. 

November  17. — Rain  at  4  a.  i^  Remarkable  intensity  of  atmospheric  electricity  re- 
ported by  various  telegraph  companies  in  the  city.  Evidences  of  aurora  at  intervals 
during  the  evening,  seen  faintly  through  occasional  rifls  in  clouds.  It  consisted  of  a 
pale  light  and  was  soon  obscured. 

November  18. — ^Auroral  evidences  again  observed  early  in  the  morning,  consisting  of 
a  bright  light  at  intervals  through  spaces  between  the  clouds. 

November  20. — Diffuse  auroral  lights  visible  from  behind  cumulo-stratus  clouds  be- 
tween 2  and  6.10  p.  m. .,  extending  in  altitude  to  about  80°  and  in  azimuth  from  about 
160°  to  240°.  No  special  characteristics  visible,  merely  a  luminous  glow  at  the  summit, 
with  the  base  obscured  by  clouds. 

1883. 

Janwxry  22. — Clear,  with  intense  cold ;  animals  freezing  at  stock  yards  and  suburban 
towns.  .Minimum  17.2°  below  zero ;  maximum  3.8°  below.  Coldest  weather  recorded 
since  January,  1879. 

AprH  28. — Storms  very  severe  on  Lake  Michigan.  Several  vessels  left  port  after 
signals  were  hoisted,  and  were  obliged  to  put  back.  Others  arrived  with  loss  of  spars 
and  canvas.    Schooner  **S.  Bates'*  went  ashore  at  Winnetka  (12  miles  distant)  and 
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went  to  pieces.    Crew  saved  by  Life-saving  Service.    Heavy  aea  nndermined  walls  of 
Farragut  Boat  Club  building,  causing  it  to  &11. 

May  3. — Thunderstorm,  accompanied  by  hail,  from  6.40  to  8.46  p.  m. 

May  9. — Heavy  thunderstorm  began  at  6.50  p.  m.,  with  severe  squall. 

Jvly  29. — ^Aurora  of  a  pale  light  color  observed  at  10  p.  m.  Altitude  of  arch  about 
16^ ;  no  noticeable  streamers,  though  edge  was  somewhat  ragged.  Above  aurora,  and 
separated  from  it,  were  spots  of  light  similar  to  w)iat  might  be  produced  by  light 
shining  upon  fleecy  clouds.    Aurora  continued  until  about  11.16  p.  dl 

August  27. — A  sudden  change  in  pressure  at  10.20  p.  m.  reported  by  superintendent 
of  gas  company.  Nearly  all  the  gas  lights  went  out  Three  water  gauges  in  parts  of 
city,  at  distances  of  1}  miles  from  each  other,  read  8  inches,  1}  inch,  and  1  inch.  No 
unusual  change  in  office  barometer, 

October  18. — Life-saving  crew  say  a  heavier  sea  ran  into  the  harbor  than  they  ever 
before  experienced.  A  number  of  tug  boats  in  lighthouse  slip  compelled  to  seek  safer 
quarters.  Scow  *' Petrel,^'  at  Sheboygan,  the  only  loss  reported,  but  several  vessels 
sustained  damages. 

October  81. — A  large  fleet  are  stormbound.  Master  of  schooner  "Robert  Howlett" 
reports  the  roughest  usage  he  ever  experienced  on  the  lake.  The  schooner  **Mary 
Naw"  is  reported  a  total  wreck  near  Grand  Haven. 

November  11.— Temperature  fell  rapidly  in  the  afternoon;  wind  increased  in  violence 
from  west  to  northwest,  blowing  26  miles  an  hour.  Captain  McKee,  of  Lake  Crib, 
reported  a  velocity  of  00  miles  an  hour.  Several  vessels  lost  deck  loads;  schooner 
"Unadilla^'  lost  head-gear  and  jib,  and  foresail  split  "Genet  Smith, ^'  "Amelia 
Mosher,^'  and  many  other  vessels  sustained  losses  of  rigging.  The  storm  is  universally 
conceded  to  be  the  most  violent  that  has  swept  over  Lake  Michigan  this  year. 

November  12. — Many  vessels  arrived  ice  covered.  The  schooner  "Helen  Pratt" 
was  covered  with  ice  to  the  depth  of  several  inches,  and  her  staysail  and  jibs  were  frozen 
so  that  they  could  not  be  lowered  during  the  day.  The  barges  "Transfer,'*  " C.  0.  D.," 
and  "Wolverine"  arrived  from  Grand  Haven  badly  demoralized.  There  is  much 
anxiety  for  safety  of  schooner  "Arab"  and  tug  "Protection,"  supposed  to  have  gone 
down  with  all  hands,  between  here  and  Milwaukee. 

December  4. — Wild  geese  flying  southward  this  morning. 

December  9. — Sunset  of  unusual  brilliancy. 

December  11. — Sky  brilliantly  illuminated  preceding  sunrise  and  at  sunset 

December  16. — Chicago  River  frozen  over. 

December  17. — Wild  geese  reported  as  flying  southward. 

December  26.— Snowbirds  seen. 

December  28. — ^Navigation  virtually  closed  on  16th  instant  The  season  just  closed 
has  been  an  eventful  one;  disasters  being  as  large  as  any  previous,  with  exception  of 
1866  and  1872,  when  lives  lost  in  the  former  amounted  to  446,  and  in  the  latter  to  120. 

The  number  of  casualties  of  a  prominent  nature  during  1888  were  918;  losses  on  hull 
and  cargo  foot  up  to  $2,826,848;  on  logs  and  timber  rafls,  $16,000;  of  this  loss,  $991,916 
occurred  on  Lake  Michigan;  disasters,  622.  The  most  important  loss  wa.s  the  steam- 
ship "Oakley"  (H.C.),  which,  with  her  captain  (E.  Streck)  and  4  of  her  crew  went 
down  in  the  gale  of  November  14th.     Loss  of  property  $100,000. 

The  sunset  this  evening  and  (when  visible)  each  evening  since  the  9th  was  extremely 
brilliant,  attracting  much  attention. 

1884. 

January  2. — Gulls  observed  hovering  overhead,  apparently  confused.  '  * 

January  29. — Falling  barometer  and  warmer  weather    Gulls  flying  inland. 
February  19. — Cold  wave  signals  at  9.80  a.m.;  temperature  at  time,  50.6*.     The 

number  of  persons  visiting  office  for  information  of  cold  wave  testify  to  the  importance 

of  this  signal  and  the  notice  taken  of  it  by  the  public 
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March  14. — Larks  and  robins  seen  in  the  suburbs.  Ice  19  inches  in  thickness  in  the 
Desplaines  River,  now  being  cut. 

March  24. — Navigation  resumed  on  Lake  Michigan. 

June  22.  —Heavy  thunderstorm  from  2.30  to  4.65  p.  m. 

Jtdy  24. — A  heavy  thunderstorm  from  4  to  8.45  a.  m.,  accompanied  by  a  brisk  wind. 

December  18. — Coldest  day  of  the  month.  Temperature  remained  below  zero  all 
day,  mean  — 6.6**. 

1885. 

February  10. — No  mails  received  to-day.  The  temperature  remained  about  10^  be- 
low zero  all  day,  going  down  in  the  evening. 

February  11. — Minimum  temperature,  — 18.7°;  the  lowest  for  any  February  since 
establishment  of  station. 

May  24. — A  thunderstorm  occurred  from  8.30  to  8.50  p.  m.  The  storm  approached 
the  station  from  the  southwest  and  went  towards  the  north.  The  temperature,  which 
was  69°  before  the  storm,  rapidly  rose  to  80°  after  it  had  passed.  The  wind  was  from 
the  east  before  the  storm,  shifted  to  southwest  afterwards. 

June  2. — A  thunderstorm  in  evening,  beginning  at  6.12  p.  m.  and  ending  at  6.53 
p.  m.  The  temperature  just  before  the  storm  was  75°,  wind  southeast  As  the  storm 
approached  the  temperature  rose  rapidly,  marking  80°  as  the  storm  broke  over  the  city. 
The  wind  veered  rapidly  from  southeast,  southwest,  and  west,  remaining  between  south 
and  west  during  the  storm,  but  backing  to  the  southeast  as  the  storm  passed  to  the  east; 
the  temperature  rapidly  falling  to  70.9°  at  the  same  time.  Sharp  lightning  and  heavy 
thunder  accompanied  the  storm. 

June  8. — A  thunderstorm  ended  at  2.15  a.  m.  There  was  no  thunder  heard  or  light- 
ning observed  after  midnight.  The  rain  gauge  overflowed,  and  the  7  a.  m.  measure- 
ment was  made  from  the  snow  gauge,  showing  a  fall  of  2.90. 

June  7. — About  8  p.  m.  the  sky,  which  was  clear  a  moment  before,  became  rapidly 
covered  with  clouds,  and  the  temperature  fell  from  86°  to  62°  in  20  minutes,  at  the  same 
time  the  wind  increased  to  brisk  and  veered  from  the  southwest  to  north. 

June  2L— rLight  rain  at  intervals  from  7.30  a.  m.  to  12.45  p.  m.  A  thunderstorm 
prevailed  during  the  latter  part  of  this  rain.  It  came  from  the  southwest  and  moved 
towards  the  southeast. 

July  4. — Hail  began  falling  at  2.05  p.  m.,  hailstones  were  round  and  about  i  inch  in 
diameter. 

July  7. — A  sharp  thunderstorm  from  5.50  to  6.20  p.  m.  It  came  from  the  southwest 
and  went  northeast.  A  slight  hailfall  from  6.05  to  6.06  p.  m. ;  stones  about  \  inch  in 
diameter. 

July  9. — ^Thunder  was  heard  between  12.15  and  4  a.  m.  This  storm  came  from  the 
northwest  and  went  towards  the  southeast.  Temperature  81°,  wind  southwest  before, 
and  71°,  southwest  afler  the  storm. 

July  l^ — Thunderstorm  from  8.40  to  9.30  p.  m.,  with  heavy  rain.  It  moved  from 
west  to  east  Temperature  80°,  wind  southwest  before,  and  75°  and  west  after  the 
storm.    The  lightning  was  very  vivid. 

July  19. — A  thunder  shower  passed  north  of  the  city  from  west  to  east  A  single  clap 
of  thunder  was  heard  at  11.20  a.  m.  At  11  a.  m.  the  wind  was  southwest,  temperature 
86.6°;  at  11.40  a.  m.  (sky  overcast  and  threatening)  wind  east,  temperature  6;6.7°. 

July  23. — ^A  thunderstorm  came  from  the  west  and  went  eastward. 

August  2. — Decidedly  low  barometer.  Lower  temperature.  Fresh  easterly  wind, 
increasing  to  brisk  by  noon,  and  blowing  a  gale  during  the  afternoon  and  evening.  Rain 
tegan  at  12.50  a.  m.  and  continued  without  intermission  (generally  heavy)  all  day.  In 
the  first  8  hours  .14  inch  fell,  in  the  next  8  hours  1.64  inch  fell,  and  the  last  8  hours 
8.85  inches  fell,  making  the  total  for  the  day  6.63  inches.     Sewers  were  filled. 

AugtLst2l, — Thunderstorm.     At  8.50  a.m.  thunder  southwest 
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I  August  28. — ^Thnnderstorm  during  early  a.  m.     Light  rain  began  at  8.16  a.  m. 

I  September  16. — Though  not  noticed  at  the  station,  it  was  learned  that  a  bright  aurora 

was  seen  bjr  persons  in  the  countiy  adjacent     It  began  at  9  p.  m.  and  ended  about 
midnight     There  were  some  streamers  and  merry  dancers. 

October  4. — Killing  frosts  reported  from  the  adjacent  counties. 

October  8. — ^The  sun  rose  very  red  at  7.06  in  a  dear  sky.  Fresh  n  thwest  wind, 
fair  and  clear  weather.  The  sun  set  in  cumulo-stratus  clouds  which  were  brilliantly 
colored  with  red. 

October  29. — Incoming  vessels  report  a  severe  gale  on  Lake  Michigan.  Nothing  going 
out  of  this  port     The  severest  storm  of  the  season. 

November  4. — ^Thunderstorm  moving  from  southwest  to  northeast  First  thunder 
6.20  a.  m. ;  loudest,  7.16  a.  m. ;  last  heard,  7.20  a.  m. 

December  9. — During  the  early  morning  there  was  some  lightning.  A  single  clap  of 
thunder  heard  at  7  a.  m. 

January  18.— River  and  harbor  frozen.  Harbor  covered  with  ice  of  considerable 
thickness.    Ice  on  Chicago  River  is  about  6  inches  thick. 

March  4. — Bishop's  ring  visible  in  afternoon ;  it  was  16^  in  diameter  and  gray  colored, 
slightly  partaking  of  pink. 

March  11. — ^A  flock  of  wild  geese  was  seen  flying  northward  during  the  morning. 

March  18. — Bluebirds  and  robins  were  to-day  observed  in  the  vicinity  of  the  station. 

March  20. — Captain  Rogers,  of  the  propeller  R.  B.  Taylor,  which  arrived  to-day,  says 
that  navigation  is  open  so  far  as  the  upper  part  of  the  lake  is  concerned.  Thunderstorm 
began  at  6.26  and  ended  at  6.40  p.  m.  Immediately  after  the  loudest  report  unusually 
large  drops  of  rain  began' to  fall,  but  soon  resumed  their  normal  size. 

March  26. — Bishop's  ring  of  a  faint  purple  hue  and  of  about  16^  radius  was  observed 
in  the  afternoon. 

April  2. — ^Bishop's  ring  visible  in  morning  and  afternoon,  of  a  grayish  pink  color,  16^ 
radius.     Northwest  wind  with  cloudy  weather ;  clear  in  the  evening. 

April  16. — Navigation  now  opened.  A  large  fleet  of  vsssels  left  port  for  the  straits 
to-day. 

AprU  21. — ^Vessels  are  reported  to  have  forced  a  passage  through  the  ice  in  the  Straits 
of  Macinac  to-day,  and  navigation  between  the  upper  and  the  lower  lakes  may  therefore 
be  regarded  as  now  open  for  the  season,  being  a  fortnight  earlier  than  last  year. 

April  26. — Several  vivid  flashes  of  lightning  and  heavy  thunder  about  8.40  a.  m. 

May  4. — ^Thunderstorm  began  at  12.46  p.  m.  and  ended  at  3.26  p.  m. 

May  9. — First  thunder  heard  in  the  northwest  at  11.66  p.  m.  Wind  east,  temperature 
66.2^.  Loudest  thunder  from  12.86  to  1  a.  m.,  and  again  at  8  a.  m. ;  last  thunder  at  8.46 
a.  m.  Hail  fell  from  7.80  to  8  p.  m.  The  stones  were  not  large  nor  numerous ;  now 
and  then,  however,  a  large  jagged  piece  of  ice  was  noticed.  During  the  hail  the  loudest 
thunder  was  heard. 

May  12. — At  6. 16  p.  m.  a  heavy  thunderstorm  was  seen  approaching  from  the  southwest 
Hail  began  at  6.48  p.*  m.  The  stones  were  composed  of  pieces  of  ice  coated  with  snow, 
varying  in  size,  some  being  as  large  as  a  hickory  nut,  while  others  were  smaller.  Hail 
ended  at  6.46  p.  m.,  with  heavy  rain. 

May  17. — A  mirage  was  reported  as  seen  over  Lake  Michigan  at  4  p.  m. 

June  6. — Rain  began  at  2.46  p.  m.,  ended  at  8.20  p.  m.  Hail  began  at  8.06  p.  m.  and 
ended  8.07  p.  m.  ^ 

June  8. — Heavy  frost  was  reported  about  five  miles  northwest  of  the  dty.  Potato  vines 
and  vegetation  killed. 

Jidy  9. — First  thunder  was  heard  12.40  p.  m.    The  storm  moved  from  west  to  east 

July  18. — ^First  thunder  4.80  p.  m.;  last,  6.20  p.  m.  Hail  from  4.46  to  4.66  p.  m. 
The  stones  were  large  and  irregular,  some  being  as  lai^ge  as  walnuta.     Several  were 
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noticed  of  irregalar  oval  shape,  with  the  loDg  diameter  of  aboat  2  inches  and  the  short 
diameter  about  1}  inch,  and  having  sharp,  jagged  points  projecting  from  all  sides.  Most 
of  the  stones  were  formed  of  solid  ice,  and  some  were  noticed  which  did  not  melt  for  an 
hour  after  they  had  fallen. 

August  28. — ^At  8.80  p.  m.  lightning  was  seen  in  the  western  clouds,  and  at  9  p.  m. 
the  first  (and  very  heavy)  dap  of  thunder  was  heard.  Loudest  thunder  heard  at  9.42 
p.  OL  ;  last,  10.45  p.  m. 

August  29. — Thunderstorm. 

August  81. — ^At  10.01  p.  m.  a  shock  of  earthquake  was  observed  while  reading  the 
barometer.  The  wave  movement  appeared  to  be  from  nearly  west  to  nearly  east.  The 
building  rocked  perceptibly,  and  map  frames  hanging  against  the  walls  were  moved 
onward  and  backward,  making  a  perceptible  noise.  The  barometric  column  oscillated 
noticeably.  The  duration  of  the  wave  movement  was  about  7  seconds,  and  there  ap- 
peared to  be  about  two  or  three  waves  to  the  second.  The  barometric  column  stood 
.012  of  an  inch  higher  8  minutes  succeeding  the  shock  than  just  before.  Owing  to  the 
height  of  the  building,  the  office  being  on  the  top  floor,  the  wave  movement  was  opposite 
to  what  it  appeared. 

October  1. — Elilling  frost  and  ice  was  observed  this  morning  at  6  a.  m. 

November  8. — Coldest  morning  for  this  season.  Minimum  temperature,  22.2^.  Ice  i 
inch  thick  on  ponds  and  still  waters. 

1887. 

January  22. — ^A  thunderstorm  of  considerable  intensity  occurred  this  morning.  The 
storm  came  from  the  southwest  and  traveled  towards  the  northwest  The  temperature 
before  the  storm  was  47°  and  did  not  change  much  during  its  passage.  First  thunder  at 
6.28  a.  m. ;  loudest  at  6.30  a.  m. ;  and  last  at  7.10  a.  m. 

Februarjf  8. — Rain  all  night,  and  this  morning  was  attended  by  lightning  and  thunder. 
It  occurred  between  6.18  and  6.22  a.  m.  The  temperature  at  the  time  was  54°.  Bain 
ended  at  12.80  p.  m.     Maximum  velocity  of  wind  31  miles,  west 

February  17. — ^A  thunderstorm  passed  over  the  station  between  10  and  11.10  p.m. 
Sharp  flashes  of  lightning  and  moderately  heavy  thunder. 

March  12. — ^A  large  flock  of  wild  geese  observed  moving  south  at  9.45  p.  m. 

April  2. — The  first  appearance  of  bluebirds  and  robins  was  noticed  this  morning. 

April  8. — A  magnificent  lunar  corona,  consisting  of  four  well  defined  rings,  was  ob- 
served at  9.45  p.  m.  The  inner  ring  was  of  a  pale  green,  the  second  of  a  bright  yellow, 
the  third  of  a  reddish,  and  the  fourth  and  outer  ring  of  a  pale  green  color.  Diameter 
of  outer  ring  about  5°. 

April  28. — ^The  breaking  up  of  the  ice  in  the  Straits  of  Mackinac  opens  navigation  at 
Chicago. 

May  22.— A  thunderstorm  which  exhibits  great  energy  is  moving  firom  west  to  east 
north  of  the  station.  The  oppressive  air  of  a  few  minutes  ago  is  replaced  by  decidedly 
colder  air. 

July  9. — ^At  2.80  a.  m.  a  thunderstorm  was  noticed  approaching  from  the  southwest, 
moving  southward.  There  was  much  thunder  and  lightning.  Thunder  first  heard  at 
8.30  a.m. 

July  17.  —Extremely  hot  Many  deaths  in  city  resulting  from  heat  High  southwest 
to  west  and  northwest  winds.  A  brisk  thunderstorm  passed  over  the  station  between 
5  and  6.45  a.  m.  It  apparenUy  developed  a  few  miles  southwest  of  the  city  and  moved 
from  southwest  to  northeast 

August  10. — ^Thunderstorm  after  sunset  11.10  p.  m.  rolling  thunder  was  heard 
northwest     The  storm  moved  from  west  to  east  and  was  attended  by  heavy  rain. 

August  18. — Between  6  and  7  p.  m.  a  heavy  storm  passed  over  the  city  from  west  to 
east  It  was  attended  by  much  thunder,  lightning,  and  some  haiL  The  hailstones  were 
not  large  nor  numerous.  They  were  opaque,  as  large  as  peas,  irregular  in  shape,  and 
flat     The  storm  probably  did  not  exceed  a  mile  in  diameter* 
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August  81. — The  crops  in  this  vicinity  have  been  improved  by  the  recent  rains,  but 
are  not  up  to  the  average,  nor  is  it  likely  they  will  be  this  season. 

S^tember  28. — At  6.45  a.  m.,  at  the  Union  Depot,  rain  was  noticed  falling  when 
there  were  no  clouds  within  10°  of  the  zenith.  At  6  p.  m.  hail  was  noticed  falling  with 
the  rain.     The  ^ailstones  were  about  the  size  of  peas.     They  were  not  numerous. 

September  24. — The  first  frost  of  the  season  this  morning.  Brisk  showers  during  the 
early  morning.  ' 

Oi^ober  12. — The  first  killing  frost  of  the  season  occurred  this  morning.  The  ground 
was  white,  and  ice  to  the  thickness  of  i  inch  formed  on  water  in  buckets. 

October  23. — ^The  wind  blowing  a  gale  of  40  miles.  Much  damage  done  to  trees, 
signs,  etc. 


January  12. — Rapid  and  decided  changes  in  pressure  and  temperature.  Barometer 
fell  0.84  inch  in  16  hours.  Temperature  rose  from  ^4.0**  after  7  a.  m.  to  86.6^  at 
10  p.  m. 

January  15. — ^A  severe  cold  wave  accompanied  by  very  high  barometer.  Height 
of  barometer  at  10  p.  m.,  80.89.     Minimum  temperature,  — 14.8®. 

January  16. — Barometer  (reduced)  at  7  a.  m.,  30.98  inches,  the  highest  observed  since 
opening  of  station.  Continued  cold  weather  in  morning,  followed  during  day  and  even- 
ing by  rising  temperature.  Minimum  temperature,  — 16.8°,  the  coldest  since  January, 
1884. 

January  28. — Total  eclipse  of  the  moon  this  day  from  2.28  to  8. 12  p.  m.  Clearly 
visible.  A  brilliant  lunar  corona  was  observed  at  6.80  p.  m.;  the  color  of  the  concen- 
tric rings  being  very  clearly  and  distinctly  defined.  From  the  inner  ring,  which  was  of 
deep  blue,  the  color  faded  into  almost  a  pure  white  at  the  center  of  the  middle  ring. 
As  the  outer  ring  was  approached  a  pinkish  tint  was  observed,  deepening  to  an  orange 
as  it  neared  the  center  of  the  outer  ring,  and  finally  assuming  a  deep  red  hue  at  the  cir- 
cumference. Diameters:  inner  ring,  about  5°;  middle  ring,  about  8°;  outer  ring,  about 
12°.     Disappeared  at  7  p.  m. 

February  9. — Coldest  day  of  the  season.     Minimum  temperature,  — 17.6°. 

April  5. — Thunderstorm,  with  light  rain  and  light  southwest  winds,  passed  over 
station  in  early  morning,  moving  northwest  to  southeast.  Thunder  first  heard  at  12. 15 
a.  m.,  and  continued  during  the  early  morning,  with  vivid  lightning. 

April  15. — Thunderstorm  in  early  morning;  direction  not  known;  first  heard  about  2 
a.  m.;  loudest,  5.05  a.  m.;  last  heard  at  6.45  a.  m.  Hail  at  intervals  till  6.46  a.  m.; 
size  of  hailstones,  .02  inch. 

April  29.— Temperature  fell  46°  from  3  p.  m.  25th  to  7  a.  m.  29th. 

May  8. — ^Thunderstorm  in  early  morning;  first  heard  at  12.45  a.  m.;  loudest  at  12.56 
a.  m.,  and  last  heard  at  1.10  a.  m.     Storm  moved  from  west  towards  east 

May  27. — Heavy  thunderstorm  in  afternoon  and  evening;  loudest  at  5.42  p.  m. 
Storm  moved  from  west  towards  east.  Hail  from  6.55  to  7  p.  ul;  size  of  hailstones, 
0.8  inch. 

May  28. — ^Thunderstorm  in  afternoon;  loudest  at  2.56  p.  m.  Storm  moved  from 
southwest  to  northeast.  During  the  storm  the  barometer  rose  almost  in  an  instant 
from  29.59  to  29.78,  falling  again  in  a  few  minutes  to  29.62. 

June  1. — Thunderstorm.  As  l^e  wind  changed  to  north  the  temperature  fell  rapidly, 
falling  from  68°  at  8  p.  m.  to  48°  at  10  p.  m. 

July  3. — ^Thunderstorm  moving  from  southwest  towards  east,  and  accompanied  by 
exceSvsive  rainfall.  From  11.22  p.  m.  to  11.45  p.  m.  .75  inch  of  rain  fell — at  the  rate  ot 
1.90  inch  per  hour.    Thunder  first  heard  at  11.15  p.  m.,  and  continued  during  the  nighL 

July  12.— At  12.20  p.  m.  the  thermometer  fell  from  86°  to  64°  in  about  5  minutes, 
while  the  wind,  which  had  been  southwest,  shifted  to  northeast. 

July  31. — ^The  warmest  day  of  the  season;  maximum  temperature  at  8  p^  m.,  94^.    At 
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4.65  p.  m.  a  severe  thunderstorm  arose,  accompanied  by  very  heavy  rain&ll  and  high 
north  winds.  A  second  thunderstorm,  accompanied  by  vivid  lightning,  occurred  in  the 
morning. 

Augttst  2. — ^A  terrific  thunderstorm  occurred  in  the  late  afternoon,  accompanied  by 
vivid  lightning,  excessive  rainfall,  hail,  and  high  winds.     Maximum  wind  velocity  40 
miles,  northeast     Thunder  loudest  at  6.47  p.  m.     Storm  moved  from  northwest  towards 
southeast     Hail  from  6.46  to  6.47  p.  m.     Size  of  hail  {  inch«     From  6.27  to  7  p.  m. 
the  rainfall  was  terrific;  and  it  is  estimated  that  1.60  inch  of  rain  fell  in  88  minutes. 

September  14. — First  frost  of  the  season  observed  this  a.  m. 

October  2. — Hail  from  1.66  to  2  p.  ra. 

October  18. — During  the  high  wind,  which  occurred  about  1  p.m.,  the  barometer  sud- 
denly fell  from  30.05  to  29.89,  rising  again  to  29.95  in  a  few  minutes.  A  violent  thunder- 
storm  occurred  in  the  evening,  accompanied  by  heavy  hail  and  a  magnificent  display  of 
lightning.  The  hailstones  varied  in  size  from  that  of  a  pea  to  a  walnut,  and  fell  with 
great  rapidity  from  6.50  to  7.06  p.  m.  The  lightning  flashes  were  almost  continuous  from 
6.45  to  7.80  p>.  m.,  and  presented  every  conceivable  form. 

November  6. — Thunderstorm  in  morning  and  evening. 

December  26. — Barometer  fell  to  29.88  at  8  p.  m.  High  wind  continued  until  after 
midnight,  veering  to  southwest  The  long  duration  of  this  gale  is  almost  unprecedented 
in  the  history  of  this  station. 

1889. 

January  1. — ^Partial  eclipse  of  the  sun  observed,  commencing  at  4.21  p.  m.  The  sun 
disappeared  at  6.44  p.  m.,  with  but  ^  of  its  surface  hidden. 

January  9. — ^The  barometer  had  been  falling  very  rapidly  during  the  night,  reaching 
28.96  inches  at  8  a.  m.  It  continued  to*  fall  until  12  m.,  when  it  read  2^.87,  the  lowest 
on  record  at  this  station. 

January  20. — Heavy  snow  commenced  at  12.46  a.  m.  and  ended  at  1.60  p.  m.  Amount 
of  snowfall,  4.6  inches. 

March  80. — Hail,  accompanied  by  thunder  and  lightning,  commenced  at  7.20  p.  m. 
Size  of  hailstones  very  small. 

April  16. — Season  of  navigation  now  fully  open. 

May  8. — Continued  warm  weather,  winds  fresh  to  high  south -southwest.  Maximum 
velocity  80,  southwest 

May  9. — ^The  exceptionally  protracted  period  of  high  temperature  was  terminated 
to-day  by  a  terrific  thunderstorm,  accompanied  by  a  severe  hailstorm  and  a  magnificent 
display  of  lightning.  At  6.20  p.  m.  the  temperature  suddenly  feJl  from  87®  to  72°,  and 
at  5.86  p.  m.  the  first  thunder  was  heard  and  lightning  first  observed.  The  rain  fell 
gradual  at  first,  but  at  6  p.  m.  it  fell  in  torrents  for  a  few  minutes,  changing 
then  to  hail,  which  fell  very  rapidly,  covering  the  pavements  in  some  places  to  the 
depth  of  }  inch.  Some  of  the  hailstones  were  over  1  inch  in  diameter.  The  shapes  of 
the  stones  varied,  the  larger  ones  being  spherical  and  the  smaller  ones  oval.  The  ba- 
rometer fluctuations  in  the  late  evening  were  quite  marked,  the  barometer  suddenly 
rising  .08  inch  about  9  p.  m.  and  falling  again  .10  inch  by  11  p.  m. 

July  18. — In  the  late  evening  a  fierce  thunderstorm  occurred,  accompanied  by  in- 
cessant lightning,  high  winds,  and  the  heaviest  rainfall  ever  known  in  the  history  of  the 
station.,  1.60  inc^j  falling  from  11.48,  July  18,  to  12.60  a.  m.,  July  19.  From  11.48  to 
11.68  p.  m.  .80  inch  fell,  or  at  the  rate  of  4.80  inches  per  hour.  Thunder  first  heard  at 
9.07  p.  m. ;  loudest  at  11.26  p.  m.,  and  l&st  at  12.45  a.  m.  Storm  moved  from  northwest 
towards  southeast 

July  27. — Tremendous  thunderstorm  in  evening,  accompanied  by  lightning  and  heavy 
southwest  winds.  About  7  p.  m.  the  temperature  frfll  suddenly  from  82®  to  67®,  and 
rain  fell  in  perfect  torrents  from  7.06  p.  m.  till  10.40  p.  m.  A  trace  of  rain  also  fell 
from  6.45  to  6.50  p.  m.     In  all,  4.02  inches  of  rain  fell  in  8  hours  and  86  minutes. 
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Large  hailstones  fell  in  sonthern  and  western  portions  of  thd  cityi  altkougfa  none  were 
observed  at  the  station.  This  rainfall  was  the  heaviest  in  the  history  of  the  station. 
From  7.25  to  7.88}  p.  m.  .40  inch  fell,  and  from  7.44  to  7.49  p.  ul  .80  inch  felL  For 
one  or  2  minutes  rain  fell  at  the  rate  of  6  inches  an  hoar.  The  damage  done  by  the 
storm  was  enormous,  amounting  to  over  $1,000,000  in  this  city.  Several  lives  were  lost 
by  falling  buildings.     Summary  of  storm  as  follows : 

Thunder  first  heard  at  6.40  p.  m.;  loudest  at  9.08  p.  m.,  and  last  heard  at  10.80  p.  m. 
Storm  moved  from  southwest  toward  northeast  Direction  and  temperature  before 
storm,  southwest,  84^;  after,  southwest,  65^  Rain  from  6.46  to  6.50  p.  m.,  and  from 
7.06  to  10.40  p.  m.     Amoui^t,  4.02  inches. 

August  8. — Thunderstorm,  accompanied  by  lightning,  in  evening.  Thunder  loudest 
at  11.04  p.  m.  Storm  moved  from  northwest  toward  southwest  In  the  southern  por- 
tion of  the  city  the  storm  was  quite  heavy,  where  it  is  estimated  that  over  one  inch  of 
rain  felL 

August  81.— This  month  has  been  remarkable  for  the  absence  of  rain,  bat  0.89  inch 
having  fallen. 

September  15. — Warmer  in  early  morning,  becoming  suddenly  cooler  abont  10.30  a. 
m.,  and  remaining  so;  the  temperature  fell  from  74°  to  61°. 

November  21. — ^A  very  remarkable  day.  About  9.15  a.  m.  a  heavy  darkness  settled 
over  the  city,  the  streets  becoming  as  dark  as  they  ordinarily  are  at  midnight  The 
darkness  Vas,  no  doubt,  due  to  the  mingling  of  particles  of  vapor  and  the  heavy  smoke, 
caused  by  the  excessive  use  of  soft  coal,  the  wind  being  so  light  that  it  was  not  able  to 
carry  off  the  smoke.  The  darkness  lasted  until  11.45  a.m.,  or  abont  2  hoars,  and 
during  that  time  outside  business  was  practically  interrupted.  The  entire  day  con- 
tinued darker  than  usual. 

November  28. — Very  severe  gale  blowing  all  day.  Maximum  velocity  87  miles,  west 
Much  damage  on  Lake  Michigan,  numerous  vessels  disabled.  One  steam  barge  ashore  a 
short  distance  above  the  city.  Severe  storm  will  probably  practically  end  navigation 
for  the  season  on  the  Great  Lakes. 

1890. 

January  6. — Station  visited  in  early  morning  by  a  veiy  nnosaal  winter  phenomenon-^ 
a  thunderstorm  accompanied  by  lightning.  Thunder  first  heard  at  12.22  a.  m.;  loudest 
at  12.28  a.  m.,  and  last  at  12.30  a.  nu  Storm  evidently  moved  from  west  toward  east 
Direction  and  temperature  before  storm  southwest,  56°;  after,  northwest,  80°. 

January  12. — ^The  temperature  reached  the  exceptionally  high  point  of  62.2°.  Ba- 
rometer fell  very  rapidly,  falling  from  80.02  at  8  a.  m.  to  29.29  at  8  p.  m.,  or  .78  inch. 

January  22.  — ^Temperature  below  zero  for  the  first  time  this  winter.    Minimum,  —  5. 1°. 

February  3. — Lightning  observed  at  6.45  p.  m.,  and  thunder  heard  in  several  por- 
tions of  the  city. 

February  7. — Snow  from  9.28  a.  m.  to  5.80  p.  m.     Amount  of  snowfall,  5.8  inches. 

March  25. — Winds,  high  westerly,  reaching  an  extreme  velocity  of  80  miles  at  10.54 

a.  m. 

March  27. — ^Thunder  in  evening,  accompanied  by  lightning. 

April  3. — ^Thunderstorm,  accompanied  by  lightning,  in  early  evening. 

April  5. — Moon  dogs  were  observed  at  9  p.  m.  The  moon  at  that  time  was  aboat 
15°  above  the  horizon.  A  bright  streak  of  light  extended  about  5°  on  each  side  of  the 
moon,  and  at  right  angles  to  the  horizon.  On  a  line  parallel  to  the  horizon  were  two 
spots,  one  on  either  side  of  the  moon.  These  spots  were  small  and  highly  colored, 
nearly  all  of  the  prismatic  colors  being  distinctly  visible,  the  brightest  of  which  were 
violet  and  green.  The  spots  lasted  about  an  honr,  but  the  streak  of  light  was  still  to  be 
seen  at  midnight,  although  at  that  time  it  was  rather  indistinct 

April  7. — In  late  evening  a  thunderstorm,  accompanied  by  lightning,  oocarred. 

April  8. — ^Temperature  feU  from  68°  to  45°  from  noon  to  8  p.  m.     Thunderstorm  in 
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early  momiDg.  Shortly  before  5  a.m.  the  barometer  fell  almost  suddenly  .17  inch, 
then  rose  .10  inch,  fell  .09  inch,  then  rose  .05  inch  by  6  a.  m.  The  sudden  and  severe 
oscillations  caused  a  succession  of  small  tidal  waves  on  Lake  Michigan,  at  intervals  of 
about  10  minutes,  from  5  a.  m.  to  11  a.  m.  The  water  from  the  lake  rushed  into  the 
Chicago  River  and  tore  several  vessels  from  their  moorings.  The  damage  was  com- 
paratively slight. 

AprU  18. — ^Thunderstorm  in  afternoon  and  evening,  accompanied  by  lightning  and  high 
northeast  wind.  Thunder  first  heard  6.6  p.  m.,  loudest  at  6.56  p.  m.^  and  last  at  9. 15 
p.  m.     Storm  moved  from  the  west  towards  the  east. 

AprU  28. — ^About6  p.  m.  the  temperature  fell  suddenly  about  15°  (from  70°  to  55^)  and 
the  wind  changed  to  northeast. 

April  80. — ^At  6  p.  m.  temperature  fell  suddenly  about  16f,  and  continued  to  fall,  reach- 
ing 48®  above  at  about  8  p.  m.     Winds  high  southwest  shifting  to  northeast  at  5.40  p.  m. 

Mi^f  3. — ^Temperature  continued  to  rise  until  12.80  p.  m.,  when  it  fell  suddenly  about 
25°  in  the  next  half  hour.  Winds  fresh  southwesterly,  veering  to  the  northwest  at  about 
midnight;  thunderstorm  occurred  in  afternoon.  Storm  moved  from  the  west  towards 
the  northeast. 

May  9. — Late  in  aflemoon  the  wind  backed  to  northeast  and  the  temperature  suddenly 
fell  16°.    Thunderstorm  in  evening. 

MiH/  12. — ^Thunderstorm,  accompanied  by  lightning,  in  morning.  Storm  moved  from 
northwest  toward  southeftst  Towards  evening  the  wind  shifted  from  south  to  northeast, 
and  the  temperature  fell,  almost  suddenly,  from  64°  to  48°. 

May  22.— Thunderstorm  in  the  evening,  a  great  display  of  lightning  was  seen  daring 
the  entire  storm,  in  the  southeast  and  south.  The  storm  moved  from  the  west  towards 
the  east.     Winds  northerly,  shifting  to  southerly. 

May  24. — Thunderstorm  in  the  afternoon,  accompanied  by  vivid  lightning.  Storm 
moved  from  west  towards  the  east  Hail  from  1.20  to  1.27  p.  m.  Hailstones  as  large 
as  robin's  eggs  fell.  Amount  of  rainfall,  .78.  The  temperature  fell  about  18°  during  the 
storm,  and  then  rose  again  to  the  normal. 

June  8. — ^Thunderstorm,  with  lightning,  in  early  morning. 

June  11. — Thunderstorm,  accompanied  by  vivid  lightning  of  every  description,  in  even- 
ing.    Storm  moved  from  west  toward  northeast 

June  18. — Thunderstorm  commenced  at  1.68  p.  m.,  and  was  of  a  very  extensive  char- 
acter. For  an  hour  its  approach  was  watched.  About  the  time  rain  commenced  the 
rain  front  was  estimated  to  be  at  least  40  miles  long,  with  much  lightning  to  the  south. 
Its  movement  was  east  by  south.  Thunder  loudest  at  2.48  p.  m.  Direction  from  which 
Btorm  moved,  southwest  to  northeast  Direction  of  wind  and  temperature  before,  east, 
67°;  after,  east,  64°. 

June  27. — Brisk  and  rather  severe  thunderstorm  occurred,  the  temperature  fell  from 
86°  at  2.46  p.  m.  to  69°  at  4  p.  m.,  and  the  wind  shifted  suddenly  from  south  to  north- 
east    After  the  storm,  which  was  accompanied  by  zigzag  lightning,  and  moved  east 
across  the  lake,  the  temperature  rose  rapidly,  reaching  89°  a  few  minutes  after  6  p.  m« 
Direction  from  which  storm  moved,  northwest  toward  southeast. 

June  29. — Thunderstorm  in  the  afternoon,  accompanied  by  lightning. 

July  8. — ^Thunderstorm  in  the  afternoon.  Heavy  rain  fell  after  the  thunderstorm  had 
ceased ;  .25  inch  falling  in  5}  minutes,  from  7.08  to  7.08^  p.  m. 

July  9. — Goolert    High  winds ;  maximum  velocity  88,  northeast 

July  12. — Thunderstorm  in  late  morning. 

July  14.— The  temperature  reached  90°  shortly  before  1  p.  m.,  at  this  time  the  wind 
shifted  suddenly  from  southeast  to  northeast,  and  increased  to  a  velocity  of  86  miles  per 
hour.  Within  15  minutes  the  temperature  had  fallen  from  90°  to  68°,  and  a  very  severe 
thunderstorm  passed  about  2  miles  east  of  the  station,  moving  from  north  to  southeast 
The  rain  area  appeared  to  have  a  direct  easterly  motion,  and  heavy  rain  could  be  seen 
&lling  a  short  distance  out  on  Lake  Michigan.     At  4  p.  m«  thunder  was  again  heard, 
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and  along  the  horizon  there  appeared  a  line  of  the  darkest  purple.  The  rain  fell  in 
torrents  and  the  wind  reached  a  velocity  of  48  miles  per  hoar.  The  rainfall  was  ex- 
cessive, one  inch  falling  from  6.18  to  6.47  p.  m.  From  6.81  to  6.84  p.  m.  .25  inch  fell, 
or  at  the  rate  of  7  inches  per  hoar.  Direction  from  which  storm  moved,  northeast 
towards  south. 

August  8. — Continued  warm  weather  until  nearly  4  p.  m.,  when  a  thunderstorm  arose, 
and  the  temperature,  fell  from  95^  to  75°,  wind  shifted  from  south  to  northwest  and  then 
northeast;  becoming  freshJ 

October  12. — Thunderstorm  in  aflemoon.  Storm  moved  from  north  towards  south- 
east 

October  18. — Considerable  damage  done  on  the  lake  to  shipping  by  the  high  wind.  A 
gale  blew  from  the  southwest  after  8  a.  m.  Maximum  velocity  60  miles  per  hour,  south- 
west. 

October  27. — Killing  frost  in  a.  m. 

November  8, — Dense  fog  after  8  p.  m.  The  barometer  fell  rapidly  after  11  a.  m.  and 
the  wind  gradually  increased  in  force,  until  it  reached  a  velocity  of  44  miles,  southeast 

December  4. — Snow  commenced  at  6.80  p.  m.  and  continued.  Amount  of  fall  to 
midnight,  8.6  inches. 

1891« 

January  1. — Shortly  before  1  p.  m.  the  wind,  which  had  b^en  southerly,  backed  to 
northeast,  and  the  temperature  commenced  to  fall  rapidly. 

February/  19. — Snow  commenced  at  5.45  p.  m.,  changing  to  hail  at  6.80  p.  m.,  and 
again  to  rain  at  8.50  p.  m.  The  fall  of  hail  was  very  heavy,  at  least  2  inches  having 
fallen.  The  storm  was  accompanied  by  a  high  wind  and  frequent  and  decided  baro- 
metric oscillations,  the  alternate  rises  and  falls  in  several  cases  an^ounting  to  0.10  inch 
in  a  very  short  space  of  time. 

February  24. — Thunderstorm  in  late  afternoon  and  early  evening,  accompanied  by 
lightning  and  high  wind.  Storm  moved  from  southwest  towards  northeast  Maximum 
velocity  60  miles,  southwest 

March  30. — Thunderstorm  occurred  just  after  noon.  Storm  moved  from  west  to- 
wards east 

April  17. — Heavy  thunderstorm,  with  lightning,  occurred  in  evening.  Storm  moved 
from  west  towards  east 

April  21. — Heavy  thunderstorm,  with  lightning,  in  afternoon  and  evening.  Storm 
moved  from  west  towards  east 

May  16.— Warmer  until  4.45  p.  m.,  when  wind  shifted  from  west  to  north  and  be- 
came high,  and  temperature  commenced  to  fall  rapidly;  from  4.45  to  6  p.  m.  it  fell  from 
77*»  to  49°. 

May  20. — ^Thunder  and  lightning  in  early  evening.  Storm  moved  from  west  towards 
east 

May  21. — ^Thunderstorm  in  afternoon.  Temperature  stationary  until  afternoon,  when 
wind  shifted  from  southwest  to  northwest,  with  a  fall  in  temperature  of  about  21°. 

June  1. — Thunderstorm,  with  lightning,  in  late  afternoon.  Heavy  rain,  with  hail,  in 
southern  portion  of  city.  Storm  moved  from  southeast  towards  northwest  Second 
thunderstorm,  with  vivid  lightning,  in  late  evening.  Storm  moved  from  north  towards 
east 

June  8. — Wind  shifted  from  southwest  to  northeast,  increasing  in  force,  and  tempera- 
ture fell  suddenly  from  83°  to  62°.  Thunderstorm  commenced  shortly  after.  In  the 
interval  between  the  rain  the  temperature  rose  slightly  and  the  wind  shifted  to  south- 
east, but  at  10.80  p.  m.  the  wind  backed  to  northeast  and  the  temperature  again  fell 
suddenly  from  63°  to  48°.     Thuuderstorm  moved  from  northwest  towards  east 

June  16. — Little  warmer  during  the  day  until  5  p.  m.,  when,  with  northeast  wind,  the 
tcMnperature  fell  about  15° — to  72°.  Thunder  and  lightning  shortly  after  midnight 
Thunderstorm  in  the  evening,  with  lightning.     Storm  moved  from  west  towards  east 
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July  17. — Little  change  in  temperatare  nntil  late  afternoon,  when  wind  shifted  to 
west  and  northwest,  and  temperature  fell  aboat  12^ 

August  9. — Maximum  temperature,  96. 1^  4  p.  m.  wind  shifted  to  northeast,  and 
temperature  fell  suddenly  from  96®  to  74®.  Thunderstorm,  accompanied  by  lightning, 
followed  shortly  after.  Storm  moved  from  northwest  towards  east.  Direction  of  wind 
and  temperature  before  storm,  southwest,  92®;  after,  west,  74®. 

August  19. — ^Thunderstorm,  with  lightning,  in  late  afternoon.  Storm  moved  from 
southwest  towards  northeast.  A  peculiaiity  of  the  storm  was,  that  it  was  decidedly 
local,  no  rain  falling  4  miles  from  this  office. 

September  14.; — Thunderstorm  in  evening,  with  lightning.  Storm  moved  from  north- 
west toward  southeast. 

September  20. — Cloudless  and  very  wamu  The  long  duration  of  the  present  warm 
period  is  unprecedented  for  September,  the  mean  temperature  for  the  past  6  days  being 
above  76®.     Brisk  to  high  southwest  winds. 

September  24. — Continued  warm  and  cloudless.  Warmest  day  of  month.  Maximum 
temperature  90.8®,  being  only  the  sixth  day  in  September  for  21  years  in  which  the 
maximum  temperature  exceeded  90®. 

September  27. — Warmer  and  generally  cloudless.     Southerly  winds. 

September  28. — Temperature  a  little  lower  during  the  day  until  about  7.80  p.  m., 
when  wind  shifted  to  northwest,  and  temperature  fell  rapidly  from  74®  to  56®.  A  light 
thunderstorm,  with  rain  and  lightning,  occurred  about  the  same  time.  Storm  moved 
from  northwest  to  southeast. 

S^tember  80. — ^First  light  froet  of  the  season  this  mornii^ 
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